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(54) Title: MICROPARTICLES FOR DELIVERY OF THE HETEROLOGOUS NUCLEIC ACIDS 

^ (57) Abstract: Microparticles with adsorbent surfaces, methods of making such microparticles, and uses thereof, are disclosed. The 
^ micropardcles comprise a polymer, such as a poly(a-hydioxy acid), a polyhydroxy butyric acid, a polycaprolactone. a polyorthoester. 

a polyanhydride, and the like, and are formed using cationic. anionic, or nonionic detergents. Also provided are micropaiticles in 
2 the form of submicron emulsions of an oil droplet emulsion having a metabolizable oil and an emulsifying agent. The surface of the 

microparticles efiSciently adsorb polypeptides, such as antigens, and nucleic acids, such as ELVIS vectors and other vector constructs. 
^ containing heterologous nucleotide sequences encoding biologically active macromolecules, such as polypeptides, antigens, and 
^ adjuvants. Methods of stimulating an immune response, methods of immunizing a host animal against a viral, bacterial, or parasitic 
^ infection, and uses of the microparticle compositions for vaccines are also provided. 
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MICRQP ARTICLES FOR DELIVERY OF HETEROLOGOUS NUCLEIC ACIDS 

Techninal Field 

The preseat inveatioii relates generally to phannaceutLcal conipositions. In particular, the 
invention relates to micropartides of pofymers or submicron emulsions l^cmg adsorbent sur&ces 
wherein Mologically active agents, particularly nudeic adds, such as plasmid DNA, Eukaryotic 
Layered Vector Inrtiation Systems (ELVIS vectors) or RNA vector constructs, are adsorbed 
tiiereto, roethods for preparing such micropartides and suhndcron amdsions, and uses thereof 
induding induction of hnmune response^ vacdnes, and delivery of heterologous nudeotide 
sequences to eukaryotic cells and animals. 

BMcsroun4 

Particulate earners have been used in order to achieve controlled, parenteral ddrveiy of 
ther^eutic compounds. Such earners are designed to maintain the active agent in the delivery 
system for an extended period of time. Exan^les of particulate carriers indude those derived from 
pofymettQrl mediacrylate polymers, as well as micropartides derived from poly(iactides) (see, e.g., 
U.S. Patent No. 3,773,919), poly(lactide-co-gfycolides), known as PLG (see, e.g., U.S. Patent No, 
4,767,628) and polyethyleoe glycol, known as PEG (see, e.g., U.S. Patent No. 5,648,095). 
Pol^nDoethyl methacrylate polymers are nondegradable vAsihd PLG partides btodegrade by random 
nonen:gm3atic hydrolysis of ester bonds to lactic and gtycohc adds whidi are e?i:a:eted along 
normal metabolic pathways. 

For example, U.S. Patent No. 5,648,095 describes the use of microspheres with 
encapsulated pharmaceuticals as drug ddiveiy syst^ois for nasal, oral, pulmonaiy and oral delivery. 
Slow-release fonnulations containing various polypeptide growth fectors have also been 
described. See, e.g.. International Publication No. WO 94/12158, U.S. Patent No. 5,134,122 and 
International Publication No. WO 96/37216. 
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Fattal et aL, Joinnal of Conliolled Release 53:137-143 (1998) describes nanoparticles 
prepared firompolyalkylcyaiioaciylates (PACA) having adsorbed ofigoimcleotides. 

, Particulate earners, such as microparddes, have also beesa used with adsorbed or entrapped 
andgeus in attenopts to elicit adequate imnmne responses. Sudi carriers present izndtq)le copies of 
a selected antigea to the inunuoe system and promote trapping and retention of antigens in local 
lynq)h nodes. Hie partides can be pbagoc^sed by noacrophages and can enhance antigen 
presentation through cytokine release. For exaoqde, commonly owned, co-pendrog i^Hcation 
No. 09/015,652, filed January 29, 1998, describes the use of antigen-adsorbed and antigen- 
encapsulated micropartides to stimulate cell-mediated immunological responses, as well as 
methods of making the rdcropartides. 

In commonly owned Patent Application Serial No. 09/015,652, for example!, a method of 
forming microparticles is disclosed whidi conq)iises combining a potymer with an organic solvent, 
thai adding an emulsion stabilizer, sudi as pofyviityl alcohol (PVA), then evq)oratmg the organic 
solvent, thereby forming micropartides. The surface of the micropartides con^iises the polymer 
and the stabilizer. Macromolecules such as ELVIS vectors, other nudeotides (DNA or RNA), 
po^eptides, and antigens ma^ then be adsorbed on those sur&ces. 

Adjuvants are coir^ounds which are capable of potentiating an immune response to 
antigens. Adjuvants can potentiate both huinord and ceflulariminunity. However, it is pref^able 
for certain pafliogoas to stimulate cellular imniumty and, particularly, Hil cdls. In many instances, 
presently used adjuvants do not adequatdy induce Thl ceQ responses, and/or have ddeterious side 
effects. 

Currently, the ohfy adjuvants ^proved for human use in the United States are aluminum 
salts (obmi). These aciguyants have been useful for some vacdnes tnrlnHmg hepatitis B, diphtheria, 
polio, rabies, and influenza, but may not be usefol for others. For exarnple, reports indicate that 
alum failed to improve the effectiveness of whooping cough and typhoid vaccines and provided 
only asligbt effect with adenovirus vacdnes. Additionialfy, problems such as, induction of 
granulomas at the injection site and lot-to-lot variation of alum preparations have been 
experienced. 

Maoparticles prq)ared from biodegradable and biocompatiblB polymers, known as the 
poly(lactide-co-glyco]ides) (PLG), have been demonstrated to be effective vdbddes for a nmriber of 
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aatigeos. In addition, PLG micropartides can control Ihe rate of release of entrapped andgeos and, 
thus, offer potential for sic^e-dose vacdnBS. Moreover, administration of biodegradable polym^ 
^dth entrapped antigens has been denxmstrated in a range of animal models to induce potent 
immune responses. O'Hagan et oL , Advanced Drug Deliv, Bev. , 1998, 52, 225-246 and Sing^ et 
al.^ Advanced Drug Deity, Rsv,, 1998, 34^ 285-304, the disdosures of which are incoiporated 
herein by reference in their entirety. 

An onulsion con^rising squalaie, sorbitan trioleate (Span85'^, and polysorbate 80 
CTween 80^ microfliiidized to provide unifomai^ sized noicrodroplets, Le. MP59, has also been 
shown to induce potent immune responses. MF59 formulations have been shown to induce 
antiboc^ titers from 5 to >100 times greater than those obtarued with ahnninum salt adjuvants. 
MP59 has been demonstrated to enhance the immune response to antigens fromnunii^ous sources 
induding, for emi^I^ heorpes simplex virus CHSV), human immunodetidenc^ virus (HIV), 
influflnza virus, hepatitis C virus QiCV), cytomegalovirus (CMV), hepatitis B virus (HBV), human 
pqriUomavirus (HPV), and malaria. Ott etal. Vaccine Design' The Submit And Ac^uvant 
Approach, 1995, MR Powel and M.J. Newman, Eds., Plenum Press, New York, p. 277-296; 
Singh e/ a/.. Vaccine, 1998, 16, 1822-1827; Ott etal. Vaccine, 1995, IS, 1557-1562; O'Haganef 
al, MoL Medicine Today, 1997, Fetaiaiy, 69-75; and Traquina et al,J. Infect Dis., 1996, 174, 
1 168-75, the disdosures of wiiich are incorporated herein by reference in their entirety. MF59 
adjwant improves the inmumogenidly of subunit antigens while maintaining the safety and 
tolerabihty profile of alum adjuvant Van Nest etal. Vaccines 92, 1992, Cold Spring Harbor 
Laboratory Press, 57-62 and Valaisi et al.,J, Immunol, 1994, 153, 4029-39, the disdosures of 
wMdi are incoiporated herein by reference in their entirety. MF59 is further described in co- 
peadiDg U.S. ^plication Serial No. 08/434,512, filed May 4, 1995, whidi is assigned to the 
assignee of the present invention, the disclosure of which is incorporated herein by reference in its 
entirety. In animal studies, MF59 has not been found to be genotoxic, teratogenic, nor does it 
cause sensitization. The xnediaoism of action of MF59 spears to be dependent upontiie 
generation of a strong CD4+ T cell, ie., a Th2 cell response. MF59 adjuvants, however, didt 
Ktfle, if any, Thl response, or cytotoxic T lymphocyte (CTL) responses. 

Oligonudeotides comprisiDg CpG motifi nnxed whh antigens have been demonstrated to 
induce strong Thl immune responses. Roman et aL, Nat Med, 1997, 3, 849-854; Wdner et al,. 
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Proc, Natl Acad. Sci. USA, 1997, 94, 10833-10837; Davis et al, J. Immunol., 1998, 160, 870- 
876; Ckuetal.,J. Exp. Med, 1997, 186, 1623-1631; L^ford etaL, Eur. J. ImmunoL, 1997, 27, 
2340-2344; and Moldoveaau et aL , Vaccine, 1988, 16,121 6-1224, the disdosures of ^ch are 
incorporated herein by reference in tfieir entirety. Umne%Iated CpG dinudeotides are rdatiyely 
common in bacterial DNA, but are underrq>resented and methylated in verteb^ Bird, 
TYends Genet, 1987, 3, 342-347. Bacterial DNA or synthetic oligonudeotides containing 
immetbylated CpG motifi are also known to induce imnmne responses including, for example, B 
cdl proliferation, intedeuldn-6 and immunogflobulin secretion, and apoptosis resistance. Krieg et 
aL, Nature, 1995, 374, 546-549; KSnwaaetaL, Proa Natl. Acad Sd. USA, 1996, 93, 2879-2883; 
BaOas et aL, J. Immunol, 1996, 157, 1840-1845; Cowdeiy et al, J. ImmmoL, 1996, 156, 4570- 
4575; Hal^em era/.. Cell ImmunoL, 1996, itf7, 72-78; Yamamoto etaL,Jpn. J. Cancer Res., 
1988, 79, 866-873; Stacey et al, J. Immunol, 1996, 157, 2116-2122; Messina et al., J. Immunol, 
1991, 147, 1759-1764; Yi era/., J. Immunol, 1996, i57, 4918-4925; Yi etaL,J. Immunol, 1996, 
157, 5394-5402; Yi etal, J. Immunol, 1998, 160, 4755-4761; and Yi etal, J. Immunol, 1998, 
160, 5898-5906; PCT PubHcation WO 96/02555; PCX Pubfication WO 98/16247; PCX PubHcarion 
WO 98/18810; PCT PubHcation WO 98/40100; PCTPubUcationWO 98/55495; PCT PiAHcation 
WO 98/37919; and PCT Publication WO 98/52581, the disdosures of which are incorporated 
herein by reference in their entirety. 

It has also been shown that cationic ]q)id-based emulsions may be used as gene carriers. 
See, e.g., Yi et aL, Proc. Int'L Symp. Control ReL Bioact Mater., 24:653-654 (1997); Kim et al. 
Proc. Int'L Symp. Control. ReL Bioact Mater., 25:344-345 (1998); Kim et aL, Proc. Int'L Symp. 
Control ReL Bioact. Mater., 26, #5438 (1999). Cationic submicron emulsions, a somewdiat recent 
approadi to pharmaceutical deHveay, were first shown to have carrying cq)acity for small 
molecule drugs (Elbaz et al 1993 Int J. Pharm. 96 R1-R6). Use of the charged surfece to stably 
bind and protect oligonudeotides in serumhas been demonstrated for both small oligomers 
(Tdxera et al (1999) Pharm Res 16 30-36) and plasmid DNA (Yi et al (2000) PhamiRes 17 314- 
320.) DOTAP-based emulsions have been shown to enhance transfection in vitro and in vivo. 
(KimetaL,^2{pra). 

An adjuvant Y/cosii results in the increase of a Thl cell response \^cih can be used for 
prophylactic and ther^eutic treatmexxt is thus desirable. Sudi a response would be he^fiil in 
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treatnaent for exanple, viral infections as well as for mmunizing indiidduals susceptible to -viral 
infectioDS. 

U.S. Patents 5,814,482 and 6,013,686 disclose Bukaiyotic Layered Vector Initiation 
SysteiDs (ELVIS vectors), particularly those derived and constructed from alphavirus genomes 
(sudi as Sindbis virus), for use in stimulating an immune response to an antig gri j iu methods of 
inhihiting pathogenic agents, and in deHiveiy of heterologous nudeotide sequences to eukazyotic 
cells and annuals, among others. 

Commonly owned International patent application PCT/US99/1 7308 and U.S. patent 
application 09/715,902 disclose methods of making ndcropartides having adsorbed 
macromolecules, such as a pharmaceutical, a polynucleotide, a polypeptide, a protein, a hormone, 
an enzyme, a transcription or translation mediator, an intermediate in a metabolic padiwsQ^, an 
immunomodulator, an antigen, an adjuvant, or conibinations thereof and the Hke. 

Commonly owned Intemational patent application PCT/US00/03331 discloses methods of 
making submicron emulsions having adsorbed macromolecules, such as aphannaceutical, a 
pofynudeotide, a pofypeptide, a protein, a hormone, an mzymQ, a transcription or translation 
mediator, an intermediate in a metabolic pathway, an immunomodulator, an antigen, aa adjuvant, 
or comlnnations thereof and the Hke. 

Smnmarv of the Invention 

The iirventors herein have discovered that the effectiveness of the various uses of nucleic 
adds, particular^ vector constructs cq)ahle of e3q)ressing a nucleic add sequence, and more 
particularly vector constructs comprising a heterologous nucleic add sequence encoding an 
antigen, such as such pCMV vectois, ELVIS vectors or KNA vector constructs m^ be enhanced 
by adsorbing the vector constructs to polymer micropartides or submicron emulsions with 
adsorbent sur&ces, which &dlitates introduction of the vector ccmstructs, and of heterologous 
nucleic add sequences conq>iised in the vector constructs, into the cdls of an ammaL 

As disdosed in above described Intemational Patent Application PCT/US99/17308, a 
method of fomrtrng micropartides with adsorbent sur&ces capable of adsorbing a wide variety of 
macromolecules has been invented. La one embodinooit, the micropartides are conprised of both a 
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polymer and a detergent. The nucropartides of the present invention adsorb such inacxomolecules 
more efficient]^ than other nscropartides cuxreofly avaSabla 

Several embodmeaits of the present invention utilize micropartides that are derived from a 
pofymer, sudi as a polyCorhydrox^ add), a polyl^droTiy butyric add, a pofyceqprolactone, a 
potyorthoester, apolyanbydiide, apolyalkylcyanoaoylate^ apolycyanoaoylate, and the like, and 
are formed with detergents, such as caticsnc, amonic, or nomomc detergents, vidcb detergents may 
beusedincoDoibination. Ilie present inventors have discovered tiiat these nEcropaitidesyieM 
irnproved adsorption of vector constructs (e.g., ELVIS vectors, RNA vector constructs), as well as 
viral antigens, and provide for superior Tmrmme responses. 

As disdosed in above-described international Patent Application PCT/USOO/03331, a 
ndcropartide preparation comprising oil droplet submicron emulsions with ionic surfactants has 
been invented. Such compositions readify adsorb macromolecules sudi as DNA, protein, and other 
antigenic molecules. Several embodiments of the present invention utilize microparticles that are 
derived from an oil droplet emulsion tihat preferably conpises a metabolizable oil and an 
emulsifying agent which are preferabfy present in the form of an oil-in-wat^ emulsion having oil 
droplets substantial^ all of which are less than 1 micron in diameter, preferably smaller than 250 
nm Preferably, the composition exists in the absence of any polyoxypropylene-polyoxyetliylene 
block copolymer. The oil is preferabfy an animal oil^ an unsaturated hydrocarbon, a terpenoid such 
as, for exanple, squalene, or a vegetable oil The composition preferably con^rises 0.5 to 20 % 
by volume oflfae oil in an aqueous medium. The emulsifying ag^preferabfyconq)rises anon- 
ionic detergent such as a polyoxyethyloie sorbitan mono-, di-, or triester or a sorfaitan memo-, di-, 
or trietfaer. Preferabfy, the composition coniprises about 0.01 to about 5 % by weight of the 

enmilsifyrng agent. 

Hence, in some ^idx}diment5, die particulate portion of the invention's con^osition is a 
micropartide with an adsorbent surface, \sdiereanthe micropartide comprises a polymer selected 
fromfte grovqp consisting of a pofy(arhydroxy add), apofybydroxy butyric add, a 
polyc^olactone, apofyorliioester, apofyanhydride, and apofyc^anoaoylate. 

In another embodiments, the particulate portion of the invention's composition is a 
submicron emulsion whidi coiuprise an oil droplet emulsion formulated with an ionic detergent. 
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In other embodiments, the micropartide further conqsrises vector constructs cq)able of 
expressing a nucleic add sequence, sudi as a sdected ELVIS vector or RNA vector construct 
adsorbed on Ifae nicropartide's surface, witfa the vector construct comprising a heterologous 
nudeotide sequence encoding a polypeptide, a protein, a hormone, an enzyme, a transcription or 
translation mediator, an iDtennediate in a metabolic pathway, an immunomodulator, an antigen, an 
adjuvant, or combinations thereof and the like. 

In other embodiments, the invention is directed to a micropartide conposition comprising a 
nucleic add, pref^ably vector constructs enable of expressing a nucleic add sequence, such as a 
sdected pCMV vector, ELVIS vector or RNA vector construct, adsorbed to a micropartide of the 
invention, and a pharmaceutical^ acceptable exdpient. 

In other embodiments, the invention is directed to a method of produdng a micropartide 
with an adsorbed micleic arid, preferably vector constructs capable of eqnressing a nuddc add 
sequence, such as an ELVIS vector or RNA vector construct, the method corcprising: 

(a) combining a potymer solution comprising a pofymer selected jfrom the group 
consisting of a pofy(a-hydroxy add), a pofyhydroxy butyric add, a pofyc^rolactone, a 
polyorthoester, a pofyanhydride, and a pofycyanoacrylate, wherein the polymer is present at a 
concentration of about 1% to about 30% in an organic solvent; 

aind an anionic, cationic, or nonionic detergent to the polymer solution, wherein the 
detergent is present at a ratio of 0.001 to 10 (w/w) detergent to polymer, to form a 
polymfir/detergent mixture; 

(b) dispersing the polymer/detergent mixture; 

(c) renooving the organic solvent; 

(d) recovering the micropartide and 

(f) adsorbinganBLVIS vector or RNA vector construct to the surface of the 
micropartide, herein the ELVIS vector or RNA vector construct comprises a heterologous 
nudeotide sequence encoding a po^eptide, a protdn^ a hormone, an enzyme, a 
transcription or trazidation mediator, an intemiediate in a metaboficpath^^ ' 
immunomuodulator, an antig^ an adjuvant, or coiobinations thereof and the like. 
Preferably, the po^rmec/detergent mbcture is emulsified to form an emulsion prior to 
removing the organic solvent. 
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In other embodimeats, the invention is directed to a micropaitide produced by the above- 
desciibed methods. More preferably, a nucropartide composition is produced, which also 
conqxrises a phacmaceutically acceptable excq)ieDl 

In still other embodimeDts, the invention is directed to amethod of deliveimg a 
heterologous nucleotide sequence to a vertebrate subject, which conopdses administering to a 
vertebrate subject any of the conopositions described above. 

In additional embodiments, the invention is directed to a method for eliciting a cellular 
immune response in a vertebrale subject comprising administering to lbB v^ebrate subject a 
IherapeuticaDy effective amount of a selected heterologous nucleotide sequence adsorbed to a 
micropaitide of the invention. 

In other embodiments, the invention is directed to a method of immunization ^di 
coioprises adtnmistering to a vertebrate subject a Ifaers^euticany effective amount of any of the 
micropartide con;>ositians above. The composition m^ optionally contain unbound 
macromolecules, and also may optionally contain adjuvants, including aluminum salts such as 
aluminum phosphate, or an oligonudeotide conpdsing at least one CpG motif 

Iq several prefened erobodiments, the naicroparticles are formed from a poly(a-hydroxy 
add); more preferably, apofy(D,L-lactide-co-glycolide); and most preferahfy, apoly(D,L-lactide- 
co-gfycolide). 

Each of the nonexhaustive previous^ described adsorbent micropartides may optionally 
also have macromolecules entrapped within them, or in free sohitionL Thus, the inv^ition 
encompasses a variety of combinations wherein nucldc add inolecules are adsorbed on 
micropartides and other nucleic add molecules are entrapped or adsorbed. Moreover, the 
microparticles of the invention m^ have more than one spedes of nuddc add adsorbed thereon, 
as wdl as other antigenic macromolecules adsorbed thereoa Additionally, the micropartides may 
have several spedes of nudeic add and/or other antigenic macromolecules entr^ed withia 

In other preferred embodiments, the micropartides are prepared in the form of submicron 
emulsions as described above. 

Ihe present invention is also directed to immunogenic compositions comprising an 
imnxanostinmlating amount of a nudeic add (ag., a vector construct c^aMe of expressing a 
nuddc add sequence, siKh as a sdected ELVIS vector or RNA vector construct, vtdiere the 
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hetexologQUS nucleotide sequence portion of the ELVIS vector or RNA vector construct may 
encode an antigea)^ and an imnmostimulating amount of an adjuvant composition described 
hereia In some embodiments of the invention, the irmnunogeoic CQnq)OSition conpises a CpG 
oligcnudeotideincondbinationwilhlheni^^ Hie adsorbed 

maCTomolecule itself is preferabty an ELVIS vector or RNA vector construct encodii^ an 
andgemc pot^eptide. 

Iq some preferred embodiments of the invention, the antigenic polypeptide is from a virus 
such as, for emiqple^ hqjatitis C virus (HCV), hepatitis B virus OHDBV), herpes sin?>lex virus 
(HSV), human immunodeficiency virus (HIV), cytomegalovirus (CMV), influenza virus (fl.u), and 
raHes virus. Preferabfy, the antigenic polypeptide is selected from the groiq) consisting of HSV 
gfycoprotdn gD, HIV gfycqprotein gpl20, HIV glycoprotdn gpl40, HIV p55 gag, and 
potypeptides from the pol and tat regions. In other preferred embodimeots of the invention, the 
antigenic polypeptide is from a bactedum such as, for example, dholera, diphtheria, tetanus, 
streptococcus (e.g., streptococcus B), pertussis. Neisseria meningitidis (e.g., memngitis B), 
Neisseria gonorrhoeae, Helicobacter pylori, and Haemophilus influenza. In still other preferred 
embodiments of the invention, the antigenic polypeptide is from a parasite such as, for example, a 
malaria parasite. 

Adjuvant coirpositions may comprise, for example, aluminum salts. Alternatively, adjuvant 
con5)ositions may comprise an oHgonucleotide conpdsing at least one CpG motif The adjuvant 
coinposition can also comprise an optional conq)onent which results in a positively charged 
emulsion. The oligonudeotide preferabty comprises at least one phosphorotbioate bond or peptide 
nucleic acid bond In preferred ernbodiments of the invention, the oligonudeotide con^aises a 
nucleotide sequence selected from the groi^ consisting of SEQ ID NOs: 1-28. In other preferred 
embodiments of the invention, the oligonudeotide comprises a CpG motif flanked by two purines 
immediatety 5' to the motif and two pyximidines immediatdy 3' to the motif In other prefeired 
embodiments of the invention, the oligonudeotide con5)rises a nudeotide sequence selected from . 
the group consisting of SEQ ID NOs: 19-28. Most preferred is SEQ ID NO:28. &i some 
preferred embodiments of the invention, the adjuvant con5)osrtion fiirtibier conopises a separate 
iramunostimulating agent which is preferabty selected from&e groiq) consisting of alum, a 
bacterial cdl wall con5)onent, and murairQ^l peptide. The adjuvant conq)osition itself m£Qr be in the 
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form of a second miicroparticle. The second nuaopartidem^ have adsorbed and/or eotrq^ 
within a vanety of nudeic adds and/or aotigemc pol^eptides, or other andgeoic macromolecdes. 
Additionally, the immunogeiiLc conq)osttions may indude the preseQce of firee nudeic add ia 
sohdion. 

Hie present invention is also directed to methods of stimidatiDg an immune response ia a 
host flniTnal compnstog administering to the animal an immunogenic con^osition described herein 
in an amount eEfective to induce an tmrnime response. The host animal is preferably a mammal, 
more preferably a Khesus macaque, and still more preferably ahumaa 

The present invention is also directed to methods of immunimg ahost animal against a 
viral, bacterial, or parasitic infection comprising administering to tlie animal an immunogenic 
composition described hexein in an amount efibctive to induce a protective response. The host 
animal is preferabfy a mnmma\ more preferably a Rhesus macaque, and stDI more preferably a 
human. 

The presort invention is also directed to methods of increasing a Thl immune response, or 
a CTL response, or lyphoproliferation, or cytokine production in a host animal comprising 
administering to the aninaal an immunogenic conq)osition described herein in an amount effective 
to induce the Thl immune response, or the CIL response, or lyphoproliferation, or cytokine 
production. The host animal is preferably a msmtmn^ more preferably a Rhesus macaque, and still 
more preferably a human 

The present invention is also directed to methods of raising an immune response in a host 
^nimal in vMcSx a microparticle-adsorbed macromolecule comprising a heterologous nudeic add 
sequence encoding a first antigen (e.g., plasmid DNA, sudi as pCMV or an ELVIS vector, or an 
RNA vector construct) is first administered to the axuinalin an amount effective to elicit an 
immunological response. Subsequently, a second antigen is administered to the animal 

The first antigen and the second antigen in these embodimBnts can be the sanse or dififerent, 
and are preferably die same. Preferred antigeiis include bacterial and viral antigens, sudiasHIV 
antigens (e.g., gpl20, gpl40, gpl60, p24gag and p55gag), hepatitis C virus antigens, influenza A 
virus antigens, meningitis B bacterial antigens, and streptococcus B bacterial antigens. The second 
antigen is preferah^ adsorbed to the micropartides described herein, or is coadministered with an 
ai^uvant, such as MFS9. The macromolecule can also be coadministered with an adjuvant, if 
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desired In some preferred embodiments, the macromDlecule is administered two or more times 
before Ibe second antigen, wbidi can also be admimstered two or roore times. 

According to one specific enibodiment: (1) the macromolecule is adnnnistered (a) st a time 
of initial adnrinistration, (b) at atime period ranging 1-8 weeks fromtiie initial administration, and 
(c) at a time period ranging 4-32 weeks from the initial adnrinistration, and (2) tiie second antigen 
is adnmristered (a) at atime period ranging from 8-50 wed^s from the initial adnrinistration and (b) 
at a time period ranging from 8-100 weeks from the initial adnrinistratioa 

Delivery of the nricropartide compositions of the ifnrention may be performed by my 
known method, indoding direct injection (e.g., subcutaneonsly, intrjperitoneally, intravenously or 
intramuscularly), and such delivery may also be aihanced by Ihe use of electroporation (see, g.g., 
U.S. patent q)plicatiQn no. 09/499,023, tiie disclosure of which is hereby incorporated by reference 
in its entirety). Electroporation is the application of short dectrical pulses to cdls to iacrease 
permeabiKly ofthecdlmeaaibranes,thusfeciKtatingDNAi^^ Recentfy it has beai 

found that applying an dectric fidd to tissues in vivo significantly increases DNA xxptake and gene 
e3q)ression (Mathiesen, 1, 1999, Gaie Hierapy 6:508). Among the tissues targeted for in vivo 
dectroporation have been skin. Ever, tumors, and muscle. For DNA vaccine application, Widera et 
aL have shown that in vivo dectroporation substantial^ enhances DNA vaccine potmcy in mice, 
guinea pigs, and rabbits (Widera, G., et aL, 2000, J. InranmoL 164:4635). 

The ELVIS vectors of the above-described enibodimfints are generally DNA molecules 
comprigmg a promoter that functions in a eukaiyotic cell, a cDNA sequence for which the 
transcription product is an RNA vector construct (e.g., alphavirus RNA vector replicon), and a 3* 
termination regioa The RNA vector constructs preferabfy con5)iise an RNA genome from a 
picomavirus, togavinis, flavivirus, coronavnus, paran^ovirus, yellow fever virus, or alphavirus 
(e.g., Sindbis virus, Semliki Forest virus, Veaezudan equine encq)halitis virus, or Ross River 
virus), and more preferably an alphavirus gaiome, whidihas been modified by Ihe replacement of 
one or more structural protein gaies with a sdected heterologous nudeic add sequence encoding a 
gene product of interest. The RNA vector constructs of the present invention gaieraDy are 
obtained by transcription in vitro from a DNA tenqplata 

These and other aspects and embodiments of the present invention wiD readily occur to 
those of ordinary skill in the art in view of the disdosure herein. 
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Brief Description of the Drawings 

Fig. 1 provides a DNA sequence (SEQ ID NO:63) encoding a modified HTV-l p55gag 

polypeptide. 

Fig. 2 provides a DNA sequence (SEQ ID NO:64) oicoding a modified HIV-1 p55gag 
polypeptide. 

Fig. 3 provides a DNA sequence (SEQ ID NO:65) encoding a modified HIV-1 envelope 
polypeptide. 

Fig. 4 provides a DNA sequmce (SEQ ID NO:66) encoding a modified HIV-1 ©ivdope 
pofypeptide. 

Fig. 5 provides a DNA sequence (SEQ ID NO:67) encoding a modified HIV-1 p55gag 
polypeptide. 

Fig. 6 provides a DNA sequence (SEQ ID NO;68) encoding a modified HIV-1 p55gag 
polypeptide. 

Detailed Descrintion of the Invention 

The present inveation is based upon the surprising discovery that microparticles with 
adsorbed nucleic acid molecules, preferably vector constructs capable of ^>ressing a nucleic add 
sequence, and more preferabfy vector constructs conprising a heterologous nucleic add sequence 
encoding an antigen, such as pCMV vectors, ELVIS vectors or RNA vector constructs, eKdt 
Qihanced immune responses. Additionally, the combination of micropartidesw^ 
nudeic add molecules (for example, micropartides wilh adsorbed pCMV vectors, ELVIS vectors 
or RNA vector constructs) and adjuvants is usefii fi)r eliciting enhanced immune responses. 

The invention is also based upon the surprising discovery that vector constructs comprising 
andgen-encoding nudeic add sequences, such as pCMV vectors, ELVIS vectors or KNA vector 
constructs, in association with subsequait administration of antigen, didt enhanced immune 
responses. 

The practice of the present invortion win enqioy, unless otherwise indicated, conventional 
methods of diemistiy, polymer chadstry, hiodifimistry, molecular biology, immunology and 
pharmacology, wilMn the skin of the art Suditedmiques are explained fi% in the literature. See, 
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e.g.. Remington's Phamuuxuticd Sciences, 18fli Edition (Easton, Peimsylvama: Mack Publishing 
CoDopany, 1990); Methods In Emymology (S, Colowick and N. K^lan, eds.. Academic Press, 
JncXHcmdbook of Experimental Intrnmology, Vols. I-IV (D.M. Wdr and C.C. BlackweD, eds., 
1986, Blackwell Sdentific Publications); Samhrook, et dL,Molecular Cloning: A Laboratory 
Manual (2nd Edition, 1989); Handbook of Surface and Colloidal Chemistry (Bixdi, K.S., ed, CRC 
Press, 1997) and Seymour/Carraher's Polymer Chemistry (41h edition. Marcel Dekker Inc., 1996). 

Afl publications, patcaite and patent applications cited herein, whether supra or infra, are 
hereby incorporated by reference in thdr entirety. 

As used in tins specification and the qipended claims, tiie singular forms "a," "an" and "the" 
iodude phiial references unless tiie conteit dearty dictates otherwise. Thus, for example, the term 
"micropartide" refers to one or more micropartides, and the like. 

A Definitions 

In descrihing the present invention, the following terms will be enployed, and are intended 
to be defined as indicated bdow. 

Unless stated otherwise, all percmtages and ratios herein are given on a weight basis. 

The term "micropartide" as used herein, refers to aparticle of about 10 mnto about 150 
\xm in diameter, more preferabfy about 200 mnto about 30 pm in diameter, and most preferably 
about SOOnmto about 10 ^unin diameter. Preferabty, the micropartide will be of a diameter tiiat 
permits parenteral or mucosal administration without occluding needles and capillaries. 
Micropartide size is readily determined by tednriques well known in the art, such as photon 
correlation spectroscopy, laser difi&actomstry and/or scanning electron microscopy. The term 
"particle" m^ also be used to denote a micropartide as defined herein Micropartide may 
ahematively refer to a submicron emulsion composition as described herda 

Polymer micropartides for use herdn are formed firom materials that are sterilizable, non- 
toxic and biodegradable. Sudi materials indude, without limitation, poly(a-hydroxy add), 
potyl^droxybutyric add, potycaprolactone, potyorthoester, potyanhydride, PACA, and 
polycyanoaoylate. Preferably, miaropartides for use with tiie present invention are polymer 
micropartides derived from a poly(a-hydro^ acid), in particular, from a polyQactide) ("PLA") or a 
copotymer of D,L-lactide and gjycolide or gjlycolic add, sudi as a poly03,L-lactid6-co-gtycolide) 
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("PLff' or "PLGA"), or a copotymer of D,L-lactide and caprolactonB. The polymer microparticles 
ms^ be derived from any of various potymeric starting materials which have a varied of molecular 
wei^ts and, in Ae case of fte copolymers such as PLG, a variety of lactidetgjycolide ratios, the 
sdection of wWdi will be largely a matter of dioice, depending in part on Ihe coadministered 
macromolecule. These parameters aie discussed more fiOty below. Atteinativefy, niicropartides of 
the invention are conqprised in a subnncron emolsion. 

As used h^ein, the phrase "oil droplet emulsion" refers to an emulsion conpiising a 
metabolizable oil and an emulsifying agent The tOTm"subniCTon emulsion" as used herein refers 
to an oil droplet emulsion of the invention conptising droplets ra nging in size from about 10 nmto 
about 1000 nm 

As used herein, Ihe tern "micropartide" m^ refer to a polymer nicropartide as desaibed 
herdn or a submicron emulsion composition as described herein. 

The team ".detergent" as used herein includes surfectants, dispersing agents, suspending 
agents, and emulsion stabilizers. Anionic detergents include, but are not limited to, SDS (sodium 
dodecyl sulfete), SLS (sodium laui>d sulfite), DSS (disulfosuccinate), sulphated fatty alcohols, and 
the like. Cationic detergents indude, but are not limited to, cetrimide (cetyl tiimethyl ammonium 
bromide, or "CTAB"), benzalkonium ddoride, DDA (dimethyl dioctodecyl ammonium bromide), 
DOTAP(dioleoyl-3-trimeti]ylainnMnium-propane), and the like. Nonionic detergents indude, but 
are not limited to, PVA, povidone (also known as potyviny^yrrolidone or PVP), sorhitan esters, 
polysorbates, polyosyethylaled glycol monoethers, polyoxyethylated alkyl phenols, poloxamers, 
and the like. 

The tenn "zeta potential" as used herein, refers to the dectrical potential that exists across 
the interfece of all solids and liquids, ie., the potential across the dififtise layer of ions surrounding 
a charged colloidal partide. Zeta potential can be calculated from dectrophoretic mobilities, ie., 
the rates at wMdi colloidal particles travd between charged dectrodes placed in contact with the 
substance to be measured, using tedmiques wdl known in the art. 

The term "macromolecule" as used herein refers to, without limitation, a pharaiaceutical, a 
polynudeotide, a polypeptide, a hormone, an enzyme, a transcription or tmdation mediator, an 
intermediate in a metaboUc pathway, an immunomodulator, an antigen, an adjuvant, or 
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comhiiiadons thereof Particnilar macroDaDkcules for use with the present inveadon are described 
in more detail below. 

The tenn "pharmaceutical" refers to biological^ active coaspoxmjis such as antflriotics, 
antiviral agents, growth factors, hormones, and the like, discussed in more detail bdow. 

The tenn "adjuvant" refers to any substance that assists or modifies the action of a 
pharmaceutical, inchidiog but not limited to immunotogical adjuvants. vs*ich increase or diversify 
the wnrrawift response to an antigen. 

A "polynucleotide" is a nudac add polymer, which typically encodes a biotogicalty active 
(e.g., imuBmogemc or Iherg^ieutic) protdn or po^eptide. Depending on the nature of the 
pol^qrtidB encoded by the polynucleotide^ a polynucleotide can include as little as 10 nucleotides, 
e.g., where the.polynudeotide encodes an antigen. Furthermore, a "polynucleotide" can include 
both double- and single-stranded sequences and refers to, but is not limited to, cDNA firom viral, 
procaryotic or eucaiyotic mRNA, goiomic RNA and DNA sequoaces firom viral (e.g. RNA and 
DNA viruses and retroviruses) or procaryotic DNA, and especially synthetic DNA sequences. The 
term also capture sequences that include any of the known base analogs of DNA and RNA The 
termfiffther indudes modifications, such as deletions, additions and substitutions (generally 
conservative in nature), to a native sequence, preferabty such that the nucleic acid molecule 
encodes a therapeutic or antiganc proteia These modifications may be dehberate, as through site- 
directed mutagenesis, or may be accidental, such as through mutations of hosts which produce the 
antigens. 

Hie terms "polypeptide" and "protein" refer to a polymer of amino add residues and are 
not limited to a minixmnn laigth of the product Thus, peptides, oligopeptides, dimers, multimers, 
and the like, are included within the definitioa Both full-length proteins and fi:agments thereof are 
encon^assed by Ihe definition. The terms also indude modifications, such as ddetions, additions 
and substitutions (generalfy conservative in nature), to a native sequence, preferably such that the 
protein Tni^intamg the ability to didt an immunological response or have ather^eutic eflfect on a 
subject to vvbich the protein is adnonistered. 

By "antigen" is meant a molecule whidi contains one or more epitopes caipable of 
stimulating a hosf s immune system to make a cdhiar antigenrspedfic immune response when the 
antigen is presented in accordance witti the present invention, or a humoral antibody response. An 
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antigea may be capable of didting a cellular or humoral response by itself or ^ea presort in ^ 
comhination with another molecule. Normalty, an epitope will include between about 3-15, 
preferabb^ aboait 5-15, and more preferahty about 7-15 amino adds. Epitopes of a given protein 
can be identi&ed using any mmber of epitope mapping tedmiques, weill known in the art. See, 
e.g., Epitope Mapping Protocols in Methods in Molecular Biology, Vol 66 (Glenn B. Monis, Ed., 
1 996) Humana Press, Totowa, New Jersey. For ©canc?)le, linear epitopes way be detennmed by 
e.g., concurrently synfliesizing large nuiribers of peptides on solid siq^Kirts, the peptides 
conesponding to portions of the proton mDlerale, and reacting to peptides wifli antibodies vMe 
the peptides are stm attached to tiiesiqjports. Suchtedmiques are knowninfte art and described 
in, e.g., U.S. Patent No. 4,708,871; Gejsenet al (1984) J^oa Natl. Acad Sd. USA 81:3998- 
4002; Geysen et aL (1986) Molec. ImrmmoL ^:709-715, all incorporated herein by reference in 
their entireties. SimiIariy,conformatibiialqiitopesarereadityida^ 
confbnnadon of amino adds sudi as by, e.g., x-ray ccystallogr^hy and 2rdimBnsianaInudear 
magn^c resonance. Se^e,g.,Ei>itopeMajping Protocols, stq>ra. 

Ihetem "antigen" as used herein denotes boAsubunit antigens, ie,, antigens yfMdi are 
separate and discrete ftoma whole organism with wMdilhe antigenis assodated in nature, as well 
as killed attenuated or inactivated bacteria, Tinise^^ Antibodies sudi 

as anti-idiotype antibodies, or ftagmeDts Ihoreo? and synthetic peptide mimotopes, which can 
nmmc an antigen or antigedc deteoinnant, are also capturedunder the definition of antigen as used 
herein. Similaify,anoligonudeotideorpotynudeotidewWdi€apressesa 
immunogenic protein, or antigedc determinant in vivo, sudi as in gaie Iher^ and nuddc add 
^mrnimiTatin n flpplicfltjons. is also mchided in the definition of antigm herdn. 

Further, for purposes of the presort invention, autigois can be derived fi:om Bsy of several 
known viruses, bacteria, parasites and fimgi, as well as ar^ of the various tumor antigens. 
Furthermore, for purposes of the presait invention, an "antigen" refers to a protein whidi indudes 
modifications, such as ddetions, additions and substitutions (generaify conservative in nature), to 
the native sequence, so long as the protein maintains the ability to elicit an immunological 
response. These modifications xmy be ddiberate, as throu^ site-directed mutagenesis, or may be 
acddental, such as tiirou^ mutations of hosts whidi produce tiie antigens. 
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An "immmiological response" or "immune response" to an antigen or composition is the 
development in a subject of a humoral and/or a ceMar immune response to molecules present in 
ihe composition of interest. For purposes of the present invartioii, a "hmnoral immune response- 
refers to animraune response mediated by antibody molecules, while a "cellular immune response" 
is one mediated by T-lymphocytes and/or other white btood cells. One important aspect of asllular 
immunilyinTOhesanantigen-specificresponselveytolyti^ CTLshave 
specificity for peptide antigens that are presented in association whh proteins encoded by Ihe major 
histocpmpatihililyco^^)le^(^fflQandespressedonthBSU^fi««sofc^^ Cm help induce and 
promote Ihe iotracelhilar destniction of intraceJhilar microbes, orlhetysis of ceJls infected wifli 
suchmicrobes. Anothei aspect of cdlular immunity inrohws an antigenrspedfic response lyhdp^ 
T-ceDs. HelperT-cdlsacttohdpstimiilate1hefbnction,andfocustheactivi^ 
efector ceffls against ceils disid^ peptide anligeos in ffi^ 

surfece. A "cdhilar immnne response" also refers to the production of (ytokines, diemokines and 
other such molecules produced activated T-cdb and/or other white 

derived fi»mCI>4+ and CD8+ T-ceDs. 

A composition, such as an iannnnDgenic composilion, or vaccine that efidts a ceaular 
immune response way serve to sensitize a vertebrate subject by the presentation of antigen in 
association vnthMHC molecules at&e cell sorfece. ibe cell-mediated immune response is 
directedat,ornear,cei!lspresentingaiitigenattharsutfice. Inadditian, antigen-spedfeiT- 
lymphocytes can be generated to allow for the future protection of an immunized host 

Tbe ability of a particular antigen or con?>osition to stimulate a cell-mediated 
immunological response may be determined by anumber of assays, such as by lymphoproliferation 
(lyn?)hocyte actrvation) assays, CTL cytotoxic cell ass^ by ass^ for T-fyn?jhocytes specific 
for the antigen in a sensitized subject, or by measurement of cytokine product! 
response to restininlation with anligea Such assays are well known in Ihe art Se^ e.g.»Eiickson 
et aL, J. Immunol. (1993) 151:4189-4199; Doe et d., Eur. J. Immunol. (1994) 24:2369-2376; and 

the Qcamples below. 

Tlius. an inmiunological response as used herein may be one which sthnulates the 

production of CTLs, and/or the production or activation of hdper T-ceJIs. Hib antigen of interest 
m^ also didt an antiTjody-mediateduDmune response. Hence, an immunological response may 
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include one or more of the followmg effects: the production of antibodies by B-cells; and/or the 
activation of svq)pressor T-cdls and/or y5 T-cdls directed spedficalty to an antigen or antigens 
present in tbe coii?)osition or vaccine of interest These responses may serve to neutralize 
infectivity, and/or mediate antibody-complemsnt, or antfto^ dependent cell cytotoxid^ (ADCC) 
to provide protection to an immunized host. Sudi responses can be detennmed using standard 
immunoassays and neutralization assays, well known in the art 

A conjposition wMch contains a selected antigen adsorbed to anncropartttile, displays 
"enhanced immunogenidty'' vsiien it possesses a greater capacity to dicit an iimnuneieq»(^^ 
ihe imnnme response elicited by an equivaleot amount of the antigea vAai deKvewd wilhout 
association vnfli Hie micropartiole. Ums, a composition may display "enhanced immpnogenicily" 
because the antigen is more strong immnnogede by iataB of adsorption to the nneropartide, or 
because atower dose of antigen is necessary to achieve an immune respraise in tiie subject to vidach 
itisadnnnistered. Such erfiancedimniunogeoi<% can be detennmed by administer 
micropartide/antigai composition, and antigen controls to animals and comparing antibo^ titers 
against the tvro uang standard assays sodi as ladioirnraQnoass^ amd BUSM 
art 

Ihe terms "effective amount" or "pharmaceoticaay afifective amount" of a given 
conposition, as provided herein, refiarto anontoxjcbut suffidart amount ofihe con?iositionto 
provide a desired lesponsei such as an immnndogical response and conesponding thaapeutic 
effect, orinthe case of delivay of a Iherqwutic proton, an amouot sufficient to effect treatme^ of 
^ sulgect, as defined beilow. As wiDbe pointed outbdow, the exact amount required wiD vary 
from sulaect to sulgect, dqiending on ihe spedes, age, and gaieral condition ofihe subject, the 
severity of the condition being treated, and flie particular macromolecule of interest, mode of 
administration, and the like. An appropriate "effective" amount in arty individual case may be 
detacmitted by one of ordinary skill in the art using routine experimentation. 

By "vertebrate subject" is meant ai^r member of tiie subplQ'bm cordata, including, without 
linitation, mammals such as cattle, sheep, pigs, goats, horses, and humans; domestic animals such 
as dogs and cats; and birds, including domestic, wild and game lards sudi as cocks and hens 
induding chickens, turkeys and other gallinaceous birds. The term does not denote a particular 
age. Ums, bo^ adult and newborn animals are intended to be covered. 
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By "phannaceuticaUy acceptable" or "phannacologicalfy acceptable" is Doeant amatecial 
which is not biologically or otherwise undesirable^ Le., the material may be adimmstered to an 
individual along wifliihe micropardde foranilation wifliont causing any undesirable biological 
effects in the individual or interacting in a deleterious mauner with my of the con^wneots of the 
coiiq)osition in 'V^ch it is contained. 

The term -exdpienr refers to substances that are commonly provided wi thin finishe d 
dosage forms, and include vdndes, binders, disint^rants, fflers (diluents), lubricants, ^ants 
(flow enhancers), compression aids, colors^ sweeteoos, preservatives, suspensing/^dispersing 
ageats, fil"^ formers/coatings, flavors and printing inks. 

By ""pl^logical pH" or a "pH in the physiological range** is meant a pH in the range of 
^oxnnatefy 7.2 to 8.0 inchishre, more typicalty in the range of qpprozimatdy 7.2 to 7.6 
indusiye. 

As used herein, "treatment" (induding variations thereof for exan5)le, *treat" or **treatedO 
refes to BBS of (0 the prevention of infection or reinfection, as in a traditional vacdne, (if) the 
reduction or rf^mtnatimi of syn^rtoms, and (iiO the substantial or con^qplete dimiaation of tiie 
pathogen or disorder in question. Treatment m^ be eflfectedprophylactically (prior to infection) 
or Iherapeuticany (following infection). 

As used herein, the phrase "nndeic add" refers to DNA, KNA, or drimeras formed 
iherefrom 

As used herein, the phrase "oligonudeotide con5)iising at least one CpG motif' refers to a 
polynudeotidecon^msing at least one CpGdinudeotide. Oligonudeotides con5)rising at least one 
CpG motif can conqjrise niultq)le CpG motife. Hiese oUgonudeotides are also known as "CpG 
oligonudeotides" in the art As used herdn, tiie phrase "CpG motif* refes to a dinudeotide 
portion of an oEgonudeotide vrfridi comprises a cytosinenudeotide followed by a guanosine 
nucleotide. 5-methylcytosine can also be used in place of cytosina 

Asusedberdn, "alphavirusFNA vector repHcon," "RNA vector replicon," "RNA vector 
construct," and "replicon" refer to anBNAmolecde v*ich is cq)ahle of dkectmg its own 
aa?)lification or sdf-repUcation in vivo, wiflrin a target cdL An alphavirus-draved RNA vector 
replicon should contaitt the following ordered demeols: 5* viral sequences required in ds for 
repUcation (dso referred to as 5' CSE), sequences wWdi, when expressed 
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active alphavirus nonstructural proteins (e.g., nsPl, nsP2, nsP3, nsP4), V viral sequences required 
in ds for lepHcation (also referred to as 3' CSE), andapolyadenylatetract. An alphavirus-derived 
KNA vector repHcon also may contain a viral subgenondc "junction region" promoter, sequences 
from one or more structural protein genes or portions thereof extraneous nudeic add molecule(s) 
wMdi are of asizesufl&dentto aDow production of viable virus, as wdl as heterologous 
sequence(s) to be expressed. 

As used herdn, "Bukaiyotic Layered Vector Wtiation System^" "ELVIS, "or "ELVIS 
vector" refas to an assembly yAidi is doable of directing Ihe espression of a sequfiDce(s) or 
gene(s) of interest The eukaiyotic layered vector initiation system should contain a 5' promoter 
whidi is cf?>able of imtiating in vivo ^.e., wifliin a cdff) Ihe synfliesis of FNA from cDNA, and a 
viral vector sequence vMdi is capable of directing its own rqjfication in a eukaryolic cell and also 
^pressing aheterotagous sequence. In preferred embodiments, the nucldc add vector sequm 
ana^virus-decived sequence and is comprised of a5* sequaice which is capable of initiating 
transcr?rtion of an alphavirus RNA (also referred to as 5* CSE), as weE as sequences whid), ^*en 
ejqjressed, code for WologicaBy active alphavirus nonstructural proteins (eg., nsPl, nsP2, nsP3, 
nsP4), and an alphavirus RNApolymerase recognition sequence (also referred to as 3' CSE). In 
addition, Ihe vector sequence may indude a viral subgmomic "junction r^on" pronK)ter, 
sequences from one or more structural protein genes or portions thereof extraneous noddc add 
molecule(s) whidi are of asize suflBdait to allow optimal an?)lification, aheterdogous sequmce 
to be ejq>ressed, one or more restriction sites for insertion of heterologous sequerices, as wefl as a 
polyadenylationsequence. Hie eukaryotic layered vector initiation systemm^ also contain spKce 
recognition sequences, a catatytic ribo2yme processing sequence, a nudear export signal, and a 
transcription termination sequence. 

"Alphavirus vector construct" refos to an assembfy which is capable of directing the 
eq)ression of a sequence or goie of interest Sudi vector constructs are gQiaally coni>rised of a 
5' sequQice whidi is capable of initiating transcrqrtion of an alphavirus RNA (also refared to as 5' 
CSE). as wen as sequences which, vrfim Kq)ressed, code for biologically active alphavirus 
nonstructural protdns (e.g.. nsPl, nsP2, nsP3, nsP4), an alphavirus RNA potymerase recognition 
sequeace(akoreferredtoas3* CSE), andapolyadenylatetract. In addition, Ihe vector constnict 
may include a viral subgenomic "junctionregion" promoter, sequences from one or more structural 
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protein genes or portions thereof extraaeous nucleic add n3Dlecule(s) whidx are of a size sufi&dent 
to albw prodnction of viable virus, a 5' promoter which is capable of initiating the symhesis of 
viral RNAfiomcDNA in vitro or in vivo, aheterologous sequence to be expressed, and one or 
more restriction sites for insertion of heterologous sequences. 

As used herein, the phrase "vector construct" genfirally refas to m asseoity Trfneh is 
capable of directing the expression of anadeic add sequence(s) or gBne(s) ofinterest The vector 
construct Really inchides transai^anal pronjoter/enhancor or locus defining dfflnBDt(s). or 
other elements vvbidi control geoB expressLon ly other mean^ 

RNAe3?)0Tt, post-translatiood modification of messenger, orpost-ttansaqrtionalmDdificatiDnof 
pnrtaia In addition, the vector construct IjiHcalfyindudes a sequence 
openib^ linked to 4e sequeoceCs) or geDe(s) ofinterest and acts as atamslatkmiiiitiatiDn 
sequBDce. The vector construct may also optional^ indnde a signal whidi directs pblyadenylation, 
a sdectaHemackBr. as wdl as one or more restiictifln sites and atrandatiDn ten^^ 
In addition, if «ie vector constnid is placed into a retrovirus, the vector CQ^^ 
packaging signal, long temanal repeats (LTOs), and positive and negative strand piimer binding 
sites appropriate tolheretiovirus used Ofihesearenot already present Examples of vector 
coostnicts indude ELVIS vectors, vitoch comprise the cDNA comptement of RNA vector 
c<aisti«cts,RNA vector constnicts1bemsdves.alphavinB ' 

constructs and the Eke. 

One spedfic ^e of vector construct is a "plasmid", which refers to a drcular double 
stranded DMA, loop into which additional DNA segments can be ligated. Specific plasmids 
described bdow indnde pCMV and pSINCP. 

According to some embodnnents of the present invention. con?)ositions and methods are 
provided which treat, induding propl^^lacticany and/or therapeutically mmmnize, a host ammal 
against viral, fungal, mycoplasma, bacterial, or protozoan infections, as wdl as against tumors. 
The methods of the present invention are useful for conferring propl^rlactic and/or therapeutic 
. inDnumlytoamammal,pref«ablyahuman. The methods of the present invention can dso be 
practiced on mammals, other than humans, induding mammals in bionffidical researdi settiAgs. 
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B. GcDfiral Methods 

1. PolvmgrMiCTOPartides with Adsorbed Mac^o^^^ 

Polymer microparticleSy TP^M^ng PLA and PLG microparticles, efiSdentl^ adsorb 
biologicany active loacromolecules. Furtber, these xmcropartidesadsoib a great 
molgmlei?^ jjnrlniting rharged and/oT bulky macromolBCulBS. Tlmslhe 
imocoixioleGdeAmaoparddes used in conn^^ 

ddiveiy system to ddtver tfaebiologicalfy active componeixtsiaorder to treat, preveot and/or 
diagaose a ^e vanety of diseases. 

A wide variety of xoacromoleciiles can be delivered in association with the microparticles 
including, but not limted to, pharmaceuticals such as antibiotics and antiviral agsits, nonsteroidal 
antiinflammatory drugs, analgesics, vasodilators, cardiovascular drugs, psychotropics, neuroleptics, 
antidepressants, antiparkinson drugs, beta blockCTs, calcium channel blodcers, hradykinin 
inhibitors, ACE-inhibitors, vasodilators, prolactin inhibitors, steroids, hormone antagonists, 
antihistanames, serotonin antagonists, heparin, chemotberapeutic agents, antineoplastics and 
growth factors, including but not limited to PDGF, EGF, KCff, IGF-1 and IGF-2, FGF, 
polynucleotides vMch encode therapeutic or immunogenic proteins, immunogenic proteins and 
epitopes thereof for use in vacdnes, hormones including peptide hormones such as insulin, 
proinsuKn, growth hormone, CSHRH, LHRH, EGF, somatostatin, SNX-111, BMP, insuKnotropm, 
ANP, FSH, LH, PSH and hCG, gonadal steroid hormones (androgeos, Cogens and 
progestCTone), tl^oid-stimulating hormone, inMhin, diolecystokinin, ACTH, CRF, dynorphins, 
endorphins, endothelin, fibronectin fragments, galanin, gastrin, insulmotropni, ^ucagon, GTP- 
binding protein fragments, guanylin, the leukoldnins, maganrin, mastoparans, decmaseptin, 
systemin, neuromedins, neurotensin, pancreastatin, pancreatic polypeptide, substance P, secretin, 
tixymosm, and the like, en2ymes, transcription or trmslalion mediators, intermediates in nsstabofic 
pathways, immunomodulators, such as aiqr of die various cytokines inc l u d ing intedeukiorl, 
mterleukin-2, interleukinr3, interleukin-4, and gamma-interferon, antigens, and adjuvants. 

hi some preferred enibodmmts of the invention, the maciomolecule is nucleic add, more 
prefiarabfy a vector construct such as an ELVIS vector, or IQ^Av^ Oneparticular 
advantage of the present invention is the afailify of the micropartides widi adsorbed ELVIS vector 
to generate cdl-mediated immune responses ia a vertebrate subj^ The ability of the antigen/ 
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microparticl^ of the present invention to elidt a cdl-rnediatBd imnnme response against a selected 
antigoi provides a poweriM tool against infectbnly a According^, the 

antigen/ niaoparticles of Represent invention can be incorporated into vaccine con^ositions. 

Thus, in addrtion to a conventional antibody response, fte systems herean desaibed can 
provide for, e.g., Ibe association of ^ expressed antigens with dass I MHC molecules such that 
an in vivo cellular immune response to the antigen of interest can be mounted whidi stimulates tiie 
production of CTL5 to dbw for fidurerecogniti^ Rirthennore, the methods may 

elicit an antigenrspecific response by heJ^T-<5^ Accordingly, the methods of the present 
invention will find use wrb any macromolecule for which ceilxdar and/or humoral inmmne 
responses are desired, prefeoraUy antigens derived from viral pathogens that may induce antibodies, 
T-cellhfi^ qritopes and T-ceH cytotoxic epitopes. Such a^t^gens indude, but are not finited to, 
those encoded by human and ammal vkuses and can correspond to ddbssc structural or nour 
structural proteins. 

The micropartides of the present invention are particulady useful for immunization against 
intiaceihalar viruses which norinaltyelici^ For exan^)le, the present 

invention will find use for stimulating an immune response against a wide variety of proteins firom 
tiie h^esvirus family, including proteins derived firomheipes sinqiex virus (KSV) types 1 and 2, 
such as HSV-1 and HSV-2 gtycoproteins gB, gD and ^ antigens derived from varicella zoster 
virus (VZV), EpsteinrBarr virus O^V) and cytomegalovirus (CMV) induding CMV and gH; 
and antigais derived from other human herpesviruses sudi as HHV6 and HHV7, (See, e.g. Chee 
et al. Cytomegaloviruses (J,K McDongaD, ed., Springer-Veriag 1990) pp. 125-169, for a review 
of the protein coding content of cytonaegalovirus; McGeoch et aL, J. Gen. Virol (1988) 6g:1531- 
1574, for a discussion of the various HSV-1 oicoded proteins; U.S. Patent No. 5,171,568 for a 
discussion of HSV-1 and HSV-2 gB and gD proteins and 4e gores encoding tha efor; Baer et aL, 
Nature (1984) 310:207-211. for Ihe identification of protein coding sequences in anHBV genome; 
and Davison and Scott, J. Gen Virol (1986) 67:1759-1816, for areview of VZV.) 

Antigens from the hepatitis famify of viruses, induding hepatitis A virus (HAV), hepatitis B 
virus (HBV), hepatitis C virus (HCV), tiieddta hepatitis vinis (lIDV),hq)atitis E virus (HE^ and 
hepatitis G virus (HGV), can also be convenient^ used in tiie tedmiques desaibed hereia By way 
of exan?de, the viral genomic sequence of HCV is known, as are methods for obtaining the 
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sequence. See, e.g., Intmiational Publication Nos. WO 89/04669; WO 90/1 1089; and WO 
90/14436. Hie HCV genonoe encodes sev^al viral proteins, including El (also know as 1^ and 
E2 (also knovm as B2/NSI) and anN-tenninal zmdeocq)sid proteb (leaned "coie**) (see, 
Houghton et aL, Hepatology (1991) 1^:381-388, far a discussion of HCV proteins, including Bl 
andB2). Bach oflfaese proteins, as wdl as antigemc fragments thereof 
coiq>ositiQn and methods. 

Sindai^, the sequence fisr the S-antigen from HDV is knovm (see, &g., U.S. Patent No. 
5,378,814) and this antigeiL can also be oomrenieatl^ used in 'die present coiqposilion and mediods. 
AdditionaD^r, antigens derived fromHBV, such as tiie core antigen. Hie sut&ce aotjgen, SAg, as 
wen as the presurfice sequences, pre-Sl and pie-S2(fi)£meE^ called pie-S), as well as 
comhixiatLons of Ihe above, sudi as SAg/pre-Sl, SAg^pre-S2, SAg/pre-Sl/pre-S2, andpre-Sl/pre- 
S2, will find use herein. See, e.g., "HBV Vaccines - fromfte laboratory to Ecense: a case stud^" in 
Mackett, M. and WiDiamson, J.D., Human Vaccines and Vaccination, pp. 159-176, for a 
discussion of HBV structure; and U.S. Patent Nos. 4,722,840, 5,098,704, 5,324,513, incorporated 
herein by reference in their entireties; Beanies et al, J. ViroL (1995) 69:6833-6838, Bimbaum et 
aL,7. ViroL (1990) 64:3319-3330; and Zhou etaL, J. Virol (1991)65:5457-5464. 

Antigens derrved firom other viruses will also find use in the claimed con[q)ositions and 
methods, sudi as without limitation, protetos fix)mnQemb^ of the femOies Picomaviridae (e.g., 
polioviruses, etc.); Caliciviridae; Togaviridae (ag., rubella virus, dengue virus, eta); Haviviridae; 
Coromviridae; Reoviridae; Bimaviridae; Rhabodoviridae (e.g., rabies virus, etc.); Filoviridae; 
Paran^oviiidae (e.g., mumps virus, measles virus, respiratory syng^ virus, etc.); 
Orthon^oviiidae (e.g., influenza virus ^es A, B and C, etc.); Bunyaviridae; Atenaviiidae; 
Retroviradae (e.g., HTLV-I; HTLV-H; HTV-l (also known as HTLV-m, LAV, ARV, hTLR, 
eta)), induding but not limited to antigens firom the isolates HrVmb, HIVsw, HIVlav, HTVlai, 
HIVmn); HIV-1cm235, HrV-lus4; HIV-2; simian immunodeficiency virus (SIV) among others. 
Additional^, antigens m£Q^ also be derived fromfaunmpapinomavirus (HPV) andthetick-bome 
encephalitis viruses. See, e.g. Virology, 3rd Edition (W.K. JokHk ed. 1988); Fundwmntal 
Virology, 2nd Edition (B.N. Fidds and D.M. Knipe, eds. 1991), for a descnption of these and 
other viruses. 



24 



wo 02/26209 



PCT/USOl/30540 



More particularly, the gpl20 or gpl40 envelope protems from any of the above HTV 
isolates, including members of the various gaietic subtypes of HTV, are known and reported (see, 
e.g., Myers et al., Los Alamos Database, Los Alamos National Laboratory, Los Alamos, New 
Mexico (1992); Nfyers et al. Human Retroviruses and Aids, 1990, Los Alamos, New Mexico: Los 
Alamos National Laboratoiy; and Modrow et al, J. Virol (1987) gl:570-578, for a comparison of 
the envelope sequences of a variety of HIV isolates) and antigens derived from zss^ of tiiese 
isolates win find use in the present mediods. Furtfaennore, the invention is equa]fya|ipIicA^ 
other immunogenic proteins derived from any of tfie various HIV isolates, including any of the 
various envelope protdns such as gpl60 and gp41, gag antigens such as p24gag and pSSgag; as 
well as protems derived fromlfaepol and tat regions. Aiisroflfaeseprolems and aniigaisnaay also 
be modified for use in the present invention. For exaxqde. Figures 1, 2, 5, and 6 provide DNA 
seqpiences encoding modified gag antigens (SEQ ID NOs: 63, 64, 67, and 68), and Figures 3 and 4 
provide DNA sequences encodtng modified envelope antigens (SEQ ID NOs: 65 and 66). 

Tnfliignrft virus is anotibei exanqile of a virus fox "^AaxSi the present iuveuLioa win be 
particularly useful Specificalfy,1he envelope gfycoproteins HA and NAofinfluenza A are of 
particular mterest for generatmg an momoune response. Numerous HA sub^es of infiaenzaAhave 
been identified (Kawaoka et aL, Virology (1990) 179:759-767; Webster et aL, "Antigemc variation 
among type A influeoza viruses," p. 127-168. In: P. Palese and D.W. Kingsbury (ed.). Genetics of 
influenza viruses, Springer-Vedag, New York). Thus, proteins derived from any of these isolates 
can also be used in the corq>ositions and methods described ho'em. 

The conq)ositions and methods described herein will also find use with numerous bacterial 
antigens, such as those derived from organisms that cause dq)hlheria, cholera, tuba culosis, 
tetanus, pertussis, mueningitis, and other pathogenic states, inchiding, withqut Innitation, Bordetella 
pertussis. Neisseria memngitides (A, B, C, Y), Neisseria gonorrhoeae, Helicobacter pylori, and 
Haemophilus influenza. Hemophilus influenza type B (HIB), Helicobacter pylori, and 
comlmations thereof Exanoples of antigens IkomNeisseria meningftides B are disclosed in the 
foUowing co-owned patent applications: PCTAJS99/09346; PCT IB98/01665; and PCT 
IB99/00103. Exaccples of parasitic antigens inchide those derived from organisms causing malaria 
and Lyme disease. 

AHHitiny^^l flfntigfltig fnr me wHh the invention^ some of which are also listed elsevrfiere in 
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Ibis appUcadoD, iodude the Mowing (refeareaces are listed immediatels^ bdow): 

- A proteiii andgeti from N. meningitidis serogroup B, such as those in Re&. 1 to 7 below. 

- an outer-membrane vesicle (OMV) preparation &omK meningitidis serogroiq) B, 
such as those disclosed in Re&. 8, 9, 10, 11 etc. below. 

- a saccharide antigen from meningitidis serogroiq) A, C, W135 and/or Y, such as 
the oligosaccharide disclosed in Bjst 12 bdow from serogroup C (see also Ref 13). 

- a sacdiaride antigen from Streptococcus pneumoniae [e.g. Rej&. 14, 15, 16]. 

- an antigea from//, gonorrhoeae [e.g., Refe. 1, 2, 3]. 

- an antigen from Chlamydia pneumoniae [e.g, Refe. 17, 18, 19, 20, 21, 22^ 23]. 

- an antigen from Chlamydia trachomatis [e.g. 24]. 

- an antigen fromhepatitis A virus, sudi as inactivated virus [e.g.. Reft. 25, 26]. 

an antigen from hepatitis B virus, such as the surfece and/or core antigens [e.g., Refe. 26, 27]. 

- an antigen fromhepatitis C virus [e.g Re£ 28]. 

- an antigen &omBordetella pertussis^ such as pertussis holotoxin (PT) and filamentous 
haemagtutinin (FHA) from^. pertussis, optionaQ)^ also in combination wifli pertactin and/or 
agglutinogens 2 and 3 [e.g., Refi. 29 & 30]. 

- a dqphlheria antigen, sudi as diphtheria toxoid [e.g., di^^ 3 of Ref. 31] e.g. the 
CRMi97 mutant [e.g., Re£ 32]. 

- a tetanus antigen, sudi as a tetanus toxoid [e.g, diapter 4 of Re£ 31]. 

- a protdn antigen tcomHelicobacter pylori sudi as CagA [e.g. Ref. 33], VacA [e.g. Ref 33], 
NAP (e,g. Ref 34], HopX [eg. Ref 35], HopY [e.g. Ref 35] and/or urease. 

- a sacdiaride antigm bomHaemophilus influenzae B [e.g. Ref 13]. 

- an m6gBsi&omPorphyranwrias gingfv^ [e.g. Ref 36]. 

- polio antigen(s) [ag. Rej6. 37, 38] sudi as BPV or OPV. 

- raKes antigen(s) (e.g. Ref 39] sudi as lyophilized inactivated virus [e.g. Ref 40, Rabavert^. 

- measles, munops and/or rubella antigeoos [e.g., dtqrters 9, 10 and 11 of Ref 31]. 

- influenza antigen(s) [e.g. dmpter 19 of Ref 31], sudi as the haemagglutinin and/or 
neuraminidase sur&ce proteins. 

- an antigen iomMoraxella caUxrrhalis [e.g., time 41]. 
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- an aotigm &omStreptococcm agalactiae (Group B streptococcus) [e.g. Rb&. 42, 43] 

- an aatig&i&omStreptococxnis pyogenes (Group A strq)tococcus) [e.g. Refi. 43,44, 45]. 

- an antigen from Staphylococcus aureus [e.g. Re£ 46]. 

- Con^ositions conq)nsiDg one or more of these antigens. 

Where a saccharide or carbohydrate antigen is used, it is preferably conjugated to a carrier 
protein in order to enhance immunogenicity [e.g. Re&. 47 to 56]. Preferred carrier protdns are 
bacterial toxins or toxoids, such as dq)h1hena or tetanus toxoids. The CRM197 diphtheria toxoid is 
particularly preferred. Other suitable carrier proteins indude N. meningitidis outer membrane 
protein [e.g Ref 57], synthetic peptides [e.g. Refe. 58, 59], heat shock proteins [e.g. Ref 60], 
pertussis protdns [e.g. Refe. 61, 62], protein D fromff. Influenzae [e.g Rrf! 63], toxin A or B 
ftomC difficile [e.g. Ref 64], etc. Where a mixture comprises capsular saccharides from both 
serogroups A and C, it is prefened that the ratio (w/w) of MenA saccharide:MeaC saccharide is 
greater than 1 (e.g. 2:1, 3:1, 4:1, 5:1, 10:1 or higher). Saccharides fromdiflfeent serogroiq)s of 7/. 
meningitidis may be corgugated to the same or different carrier proteins. 

Any suitable corrugation reaction can be used, with azi^ suitable linker where necessary. 

Toxic protein antigens may be detoxified where necessaiy (e.g. detoxification of pertussis 
toxin by chemical and/or ineans [ReC 30]. 

MPhere diphtheria antigen is included in tiie con;>osition it is preferred also to include 
tetanus antigen arul pertussis antigens. Similar^, where a tetania 

also to inchide dqihtiieria and pertussis antigens. Similar^, v/bste apertussis antigen is induded it 
is preferred also to indude diphtheda and tetanus antigeaiK. 

It is readilsr parent that the subject invention can be used to delhrear a wide variety of 
macromolecules arid hence to treat, prevent and/or diagnose a large n^ Insome 
embodiments, the macromolecule/nucropartide con^osxtions of Ifae presesot invention can be used 
for sit&-specific targeted ddrvery. For emqple^intranrenoTis administration of the 
macromolecule/micropartide conq)OsrtiQns can be used for targeting the lung, liver, spleexi, Uood 
circulation, or heme marrow. 

The adsorption of macromolecules to the surface of the adsorbent micropartides (or to 
siibmicaran emuhdons of the present invention) occurs via wy bonding-interaction mftfthflnigrn^ 
induding, but not limited to, ionic bonding, hydrogen bonding, oovalent bonding, Vander Waals 
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bonding; pbsrsical entrqnneaty and bonding tiuougb l^rdropbilicA^droidiobic interactions. Tbose 
of ordinary skin in the art may readify select detergents qpropiiate for the type of macronsolecule 
to be adsorbed. 

For exaiqde, nncropartides naanu&ctured in tfie presence of charged detergents, such as 
anionic or catiozdc detergents, may yield ndcroparticles wQi a suifice havirig anet nje^att^ or a 
net positive charge, which can adsorb a wide wiety of molecules. Fc»r exanfile^ microparticlBS 
manu&ctured with anionic detergents, sudi as sodium dodeqi sulfate (SDS), ie. SDS-PLQ 
micropartides, adsorb positively daarged antigens, sudi as proteins. Sindlady, micropartides 
manufactured with cationic detergents, sudi as hexadec^ltiiinetiQ^Iammonium bromide (CTAB), 
ie. CTAB-PLG micropartides, adsorb negative^ charged macromolecules, such as DNA Where 
the macromolecules to be adsorbed have regions of positive and negative diarge, cationic^ anionic, 
nonionic or zwitterioinic detergents may be appropiiate. 

Biodegradable pofymers for manu&ctuiing micropartides for use with the present invention 
are readify commerdalfy available fronj, e.g., Boehringer Tngelhftim^ Germany and Birmingham 
Polymers, Inc., Birmtngham, AL. For emi5)le, useful potymeans for forming the inicroparticles 
her^ indude homopolymers, copofymers and polymi^ blends derived from the following: 
polyhydroxybutyric add (also known as potyicydro^butyrate); po^iydroxy valeric add (also 
known as pofyhydroxyvalerate); pofyg^ycoKc add (PGA) (also known as potygjtycolide): potylactic 
add (PLA) (also known as polylactide); polydioxanone; polyc^rolactone; pofyorthoester, and 
potyanhydride. More preferred are poty(a-hydroxy acids), such as pofy(L^lactide), poiy(DJL- 
lactide) (both known as "PLA" herean), poly(ti7doxybulyrate), copolymers of D,L-lactide and 
^coM% such as poly(DJ>-lactide-co-g^colide) (designated as *TLG" or TLGA" herein) or a 
copolymer of D^lactide and cq)roIactonB. ParticulaEiy preferred polymers for use herein are 
PLAandPLGpo^qners. Ihese polymers are available in a variety of molecidarweig 
qqpropriatemotecularwei^ for a given use is readily determmed by one of sk^ Thus, 
e.g., for PLA, a suitable molecular wdg^ will be ontiie order of about 2000 to 5000. For PLO, 
suitable molecular wei^ win generally range from about 10,000 to about 200,000, preferably 
about 15,000 to about 150,000. 

If a copolymer sudi as PLG is used to form the micropartides, a variety of lactidergl^colide 
ratios wil find use herein and the ratio is largely amatter of dioice, dq>ending in part on the 
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coadmimstered macromolecule and the rate of degradadon desired. For exanople, a 50:50 PLO 
pofymei, (xmtaimDg 50% DJLrlactide and 50% gfycolide, will provide a fist resorting copolynser 
vMe 75:25 PLG degrades more slowly, and 85:15 and 90:10, even more slowly, due to the 
increased lactide coinponent. It is readify apparent that a suitable ratio of Iactide:^co]ide is easily 
detemonedby 0006 of skill in Hie art based, fiir eKan^)le^ on the nature of tiie antigen and disorder m 
question. Moreover, in embodiments of the present invention wherein antigen or adjuvants are 
entrapped Tvitbin microparticles, mixtures of miaoparticles with vaiying lactide:gj^cQlide ratios 
wfll find use herein in order to achieve the desired release kinetics for a given macromoIeculB and 
to provide for both a priniaiy and secondary imnnme response. Degradation rate of the 
micropartides of the present invention can also be controlled by such &ctors as polymer molecular 
wei^t and potymer oystaBinity. PLG copolymers with varying lactideiglycolide ratios and 
molecular ^^eigfats are readily availahle commercially from a number of sources inchiding fi:om 
Boehringo* Tngelhetm, GennaEy and Birmrngham Polymers, Inc., Birmingham^ AL. Tbese 
polymers can also be synthesized by single pofycondensation of tiie lactic acid component ngmg 
tedmiques weQ known in die art, sudi as described inTabata et aL, J. Biomed Mater, Res, (1988) 
22:837-858. 

Where used, preferred pofyp,L-lactide-co-gtycoIide) polymers are those having a 
lactide/gfycofide molar ratio ranging from 30:70 to 70:30, more preferabfy 40:60 to 60:40, and 
having a molecular weig^ ranging from 10,000 to 100,000 Dattons, more preferably from 30,000 
Dabons to 70,000 Daltons. 

The poJ^aooer micropartides are prepared using any of several 
art For exan^le, in some embodiments, double onulsion/sotvent evq>oration tedmiques, such as 
diose described in U.S. Patent No. 3,523,907 and Ogawa et aL, ChenL Pharm BuU. (1988) 
36:1095-1 103, can be used herein to make the micropartides. These techniques involve flie 
formation of a primary eoudsion consisting of droplets of polymer solution, which is subsequently 
mixed witfa a continuous aqueous phase containii^ a partide stabilizer/ sur&ctant 

Alternatively, a water-in-oil-in-water (w/o/w) solvent eviration system can be used to 
form the micropartides, as described by OHaganetaL, Vaccine (1993) 11:965-969, 
PCT/US99A7308 (WO 00/06123) to OTHagan et aL and Jeflfeiy et aL, Pharm. Res. (1993) 
10:362. In foistedmiqu^&e particular polymer is typical^ ooni^ 
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sudi as etlQrl acetate, diniBtbyldilDride (also caDed loetibyleae diloiide and diddoromsthazLeX 
acetonMe, acetone, ditorofoim, ai^ TTiepolymarwinbepK)7idediaaboiital-30%^ 
pieferaMy about a 2-15%, more pre&raUy about a 3-10% and most prefaaHy, about a 4-6% 
solution, in orgamc solvent. The polymer solotim is Ibencondji^ 
eanidsifiedtofbmano/weaiuIsiQa llie aqueous soli^ionc^n be, for fflcanqile^deioi^^ 
uoimal saline, or abuffmd solution sudi as phospbate-buEfered saline (PBS) or a sodium 
dtrate/eO^loiediaminBtetisacetica^ Preferably, Ibe 

Tohane ratio of polyinBr sobition to aqueous liquid ranges from about 5:1 to about 20:1, more 
preferably about 10:1. Bmulsification is conducted using aiQrequipi^^ 
and is lypcaDy aUghrshear device such as, e.g., anhomogenizer. 

AvolumB of 'Qie o/w emulsion is Iben optionally preferabfy conibined witfa alarger volume 
of an aqueous solution, v^dbi preferably contains a catbmc, anionic, or nonionic detergent. Tbe 
Tolume ratio of aqueous sohitionto o/w emulsion typicaDsr ranges from about 2:1 to 10:1, more 
^icatty about 4:1. Exan5)les of anionic, catiomc and nonionic detergents 'q)proiiriate for the . 
practice of the invention are listed above and include SDS, CTAB and PVA, respective^. Certain 
macromolecules may adsorb more readily to micropartides having a combination of stabilizers 
and/or detergents, for exanqpk, a combination of PVA and DOTAP. Moreover, in some instances, 
it UMQr be desirable to add detergent to tiie above orgamc sohitioa Where a nonionic detergent 
such as PVA an emulsion stabilizer is used, it is lypicalty provided in about a 2- 1 5% sohition, more 
Realty about a 4-10% sohitioa "Where a cationic or anionic detergoit is used, it is typically 
provided in about a 0.05-5% sohition, naore typicalty about a 0.25-1% solutioa .Generally, a 
wei^t to wedght detergent to polymer ratio in the range of from about 0.00001:1 to about 0.5:1 
win be used, more preferabfy from about 0.0001 :1 to about 0.5:1, more pr^abty from about 
0.001:1 to about 0.5:1, and even more preferably from about 0.005:1 to about 0.5:1. 

The mixture is then homogenized to produce a stable v(r/o/vv double ena^ Organic 
solvents are then evq)OiHted. Ibe formulation parameters can be manipulated to a^^ 
preparation of small nricropartides on the order of 0.05 pm (50 nm) to larger micropartides 50 \sm 
or evenlarger. See, e.g., Jeffety et al, Phmru Res, (1993) 10:362-368; McGee et sd., J 
Mcroenccp, (1996). For exan^le, reduced agitation results in larger cmcropartides, as does an 
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increase in intecoal phase vohme. Small parddes are produced by low aqueotis phase vohmes 
wSoL Wg^ concesidrfltions of emulsion stabilizers. 

AdditLonal iafimnatioii can be &iind in U.S. .^ppficadon Serial No. ^ Attorney Docket 

Nos. PP16S02.002, entitled ^^cropartides with Adsorbed MaCTomolecules*' filed S6pte3id)er 28, 
2001. 

Hie formulation parameters can be manipulated to aflow1heprq>aration of small 
micioparttdes on the order of O.OS pm (SO nm) to larger micFopartides 50 pm or even larger. See, 
e.g., Jefifery et aL, Pharm. JteJ. (1993) 10:362-368; McGee et aL, /. Ma-oehccp. (1996). For 
exangple, reduced agitation results in larger ndcropartides, as does an increase in internal phase 
volume. SmaE parddes are produced by bw aqueous phase volumes widiU^ concentrations of 
enfHilsion staMizers. 

NGcroparticles can also be formed using spray-drying and coacervation as described in, e.g., 
Thomasin et aL, J. Controlled Release (1^6) 41 : 131; U.S. Patent No. 2,800,457; Mastas, K. 
(1976) Spray Drying 2nd Ed. ^ey. New York; air-suspension coating tecfamques, such as pan 
coaling and Wurster coating, as described by Hall et al, (1980) The "Wuister Process" in 
Controlled Release Technologies: Methods, Theory, and Applications (AF. Kydonieus, ed), VoL 
2, pp. 133-154 CRC Press, Boca Raton, Florida and Deasy, P.B., Crit Rev, Ther. Drug Carrier 
Syst (1988) S(2):99-139; and ionic gelation as described by, e.g., lim et aL, Science (1980) 
210:908-910. 

Particle size can be determined by, e.g., laser scattoing, using £>r exanqile, a 
spectrometer incorporating a heliuuHieon laser. Generally, particle size is determined at room 
temperature and involves mult5)le anatyses of the sair^jle in question (e.g., 5-10 times) to yidd an 
average value for the partide diameter. Partide size is also readify deterrniried using scanning 
dectron microscopy (SBM). 

Alt^aiative embodiments of the present invention utilize ndcropartide preparations 
conoiprisingasuban(7onernuMon, wUcfapreferd)lyiru^ Forinstance, 
MF59 or others may be used as fhe base oil-containing submicron emulsion, wMe ionic sur&:tants 
TTtfiy indude, but are not limited to, I)ioIeayl-3-TrimedrylammoniuinrPr^ (DOTAP), Dioleoyl- 
sn-Qycero-3-BtiiylphosphodiolineOD^C) and dioleoyl-phosphatidic add pPA), eadi of vMdi 
are soluble in squalene. ProtofypiciooicenaiMonsm^befbrmiaatedby dissol^ 
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detergeots in squaIeQe/10% Span 85 at conceaxtrations ranging from 4-52 rng/rxi squaleae. The 
squaleoe/stir&ctatit mixtures may be emulsified vnSi 0.5% Tween 8O/H2O at 5ml squaleae/100 ml 
IfzO. Apre-emulsionmaybefbrniedl^honugBnizatbnwith 

minutes, 5000 KPM) and final enrmlsions ms^ be made by microfluidizadaa (^10,000psi, 5 passes, 
Kficrofinidizer 1 ICS). Additional discussion concemiQg subnicron emulsions can be found infra. 

FoUomag preparation, micropartides can be stored as is or fi:eeze-diied for fixture use. 
T^picalfy, in order to adsorb macromolecules to the micropartiGles, the micropartLde preparation is 
simply mixed with Hue macromolecide of interest and the resulting formulation can again be 
lyophilized prior to use. Generally, macromolecules are added to the miaopartides to yidd 
micropartides with adsorbed naacromolecules having a weight to wei^t ratio of from about 
0.0001:1 to 0.25:1 macromolecules to miaropartides, prderably, 0.001:1 to 0.1, more preferabty 
0.01 to 0.05. Macromolecule content of the muaroparddes can be detennined using standard 
techniques. 

As noted above, macromolecdes for use in connection with the present invention include 
proteins, preferably antigen molecules, and nndeic adds, preferabfy vector constructs enable of 
esqpressing a nuddc add sequence, sudi as CMV-based vectors, ELVIS vectors or RNA vector 
constructs. 

Hie polymsr micropartides of the present invenCiQn ma^ have macromolecules entrapped 
or encapsulated within tbfim, as well as having macroinolec^ Tbus.jfor 
exao^fle, one of skill in tiie art m^ prepare in accordance wiih Ifae invention micropartides having 
encapsulated adjuvants widi ELVIS vector adsorbed Ifaereon, or micropartides having 
eoctpsulated antigen with BNA vector constnictadsoitedtfa^ llie invention contemplates a 
variety of combinations of nudeic add macromolecules adsorbed on and entrqiped within 
micropartides, along with other nudeic adds as wdl as other antigenic molecules. In some 
preferred embodimeots, tibe nicropartides of the invention have ELVIS vectors or BNA vector 
constructs adsorbed thereon. 

Additionally, any oftiieembodhneats of the micropartides oflfae invention m^ be 
delivered in coxgnnction wilii dectroporation. 

Once tbie macromolecule-adsoxbed micropartides and/or suhndcron emulsion 
miaopartides are produced, Ihey are formulated, along with any desued adjuvants, into 
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pharmaceutical composittQns mriiiding vacdaes, to treat, prevent and/or diagaose a ^e variety of 
disorders, as described above. The cooopositions will generall y include one or more 
phannaceuticall ^ acceptable exdpisasis. For cmssfis, vehides such as water, saline, glsrcerol, 
polyetbyleoe-gtsrcol, hyaluronic add, el^^ Other esc^eots such as wetting 

or emuIsi^iDg agents, biological bufEeriog substances, and the like, may be present in such vehides. 
A biological bufibr can be virtuaDjr ai^ solution v/tixh is pharmacologically acceptable and which 
provides tiie formulation with tiie desired pH,ie., a pH in Ite Bxanqilesof 
buffer solutions indude saline, phosphate buffered salins, Tris buffered saline, Haok!s bufTered 
saline, and the like. Other eacctpients known in ifae art can dso be introduced into iba final dosage 

induding binders, disint^rants, fQlers (diluents), lubricants, gBdants (flow enhancers), 
. compression aids, colors, sweeteners, preservatives, suspensing^dlspersing agents, film 
fi)m}Brs/cofltiogs, flavors and pdntiDg inks. 

The corxqiositions of the invention will conpise a ther^)euticall$^ effective amount of one 
or more macromolecules of interest. That is, an amount of maaomolecule/mLcropartide will be 
induded in the con9)ositions, wfaidi will cause the subject to produce a suf&dent response, in order 
to prevent, reduce dinmate or diagnose syn^oms. The exact amount necessary will vary, 
depending on the subject being treated; the age and general condition of the subject to be treated; 
the seventy of the condition being treated; in ^ case of an innnunological response, the capacity 
of the subject's immune system to synthesize antibodies; the degree of protection desired and the 
particular aatigea selected and its mode of administration, among other &ctors. An appropriate 
effectiveanu)untcanbereadily detenninedby oneofskillintheart Tims, aflier^euticaQy 
effective amount will M in a rdatrvely broad range that can be determmed throug^i routine trials. 
For example, for purposes of the present invention, where flie macromolecule is a polynudeotide, 
an effective dose will typically range fi-om about 1 ng to about 10 rpg, more preferab]^ firom about 
10 ng to about 1 n^, and most preferably about 100 ijg to about 1 mg of the macromolecule 
delivered per dose; where the macromolecde is an antigen, an eEEective dose will typically range 
from about 1 pgto about 1 00 mg, more preferabfy firom about 10 |igto about 1 mg, and most 
preferabfy about 50 pg to about 1 irg of the maciomolecde ddivered per dose. 

Once formulated, the conq)osrtions of the inventu)n can be administered parenteral^, e.g., 
bykgectioa Thecori^osrtiQnscanbeixgecteddtbersubcutaneoi^ 
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intraveoousty or iotramusculaify. Offaer modes of admioistration include nasal, xnacosal, lectal, 
vaginal, oial and puhnonaiy adnunistradoi), suppositories, and transdmoal or transcutaneous 
qypKcadons. Dosage treatment may be a sii^e dose schedule or a A 
nodliple dose sdiednle is one in^vUch.apnniaiy course of adnnuistradon m^ be with 1-10 
separate doses. Mowed by olber doses given at subsequent time iotervals, cbosen to maintain 
and/or reinforce Hie Hierq^eutic lesponse, fi>r exazqple at 1-4 mondis for a second dose, and if 
needed, a subsequent dose(s) after several montbs. 

In certain embodiments of tiie invention, a series of one or more ii:gections of a vector 
construct (which conqnises a heterologous nucleic add sequence encoding an antigen) is followed 
by a series of one or more injectioiis of antigen (also referred to herein as '1)oosts'0. As a specific 
^canq)le, the vector cozistnictina^ be administered in three ii^e (a) at a time of initial 
administration, (b) at a time period ranging 1-8 weeks from Hie initial administration, and (c) at a 
time period ranging 4-32 weeks from the initial administration, wMe the antigen may be 
administered in two injections: (a) at a tinie period raiigiiig from 8-50 weeks from the initial 
administration and (b) at a time period ranging from 8-1 00 weeks from the initial administration. 

The dosage regimm wiU also, at least in part, be detennined by the need of the sutge^ 
be dependent on tibe judgment of the practitioner. 

Furthennofe, if prevention of disease is desire4 the micropartides with adsorbed vector 
constructs are generally administered prior to primary infection vrith the pathogen of interest If 
treatment of disease (other than prevention) is desired, e.g., ^ redu^ 
recurrences, the micropazticlBS with adsorbed vector constructs are genaral^ administered 
subsequQtt to primary infection. 

2. Oil Droplet ffnttilgiAfij^ 

In other embodiments of the present invention, an oil droplet emulsion (particdad^, a 
submicron emulsion) is prepared c nmprigmg a metabolizable oil and an emulsifying agent. 
Molecules such as an oligonudeotide cotoprising at least one CpG motif may be condbined with the 
oil droplet emulsion to form an acyuvant 

The oil droplet emulsion preferahfy con^rises a metabolizable oil and an emulsifyiag agent, 
wherein the oil and tihe emulsifying agent are present in the form of an oil-in-water emdsion having 
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oS(bop]et5Stibstai]tia]fyanof^Pvbidiarelra^ Submicrcm emulsions, 

with droplets ia Ifais prefenred size lange, show a sinprisiQg supedoixt^ over other fimolgioTig 
CQiitainiQg oil and exnulsifymg agents in which the oil droplets are sigoificantlsrlarg^ than those 
provided by the present inyeotion. In preferred embodimaiits^ the enaMon is positi^ 
aresult of a cationic detergent beiiig used as the emuIsiQdng agent or, attemativalsr, contains a 
cationicdetergait in addition to Ifaeenudsifying agent TUs allows for Ihe adsorption of 
nudeotide antigenic molecules, such as CpO oligonucleotides or vector constructs.. Altecnativeity, 
the use of an anionic detergent allows ftr the adsorption of molecubs such as proteins. 

Although individual conq)oneQts of tiie sufauncnm eondsion conq)ositiQns of Ifae present 
invention are generalfy lau>wn, such con^ositions have not been c(^^ manner. 
Accordingly, the individual conqxHients, aUhoui^ described below both gsaoBoSfy and in some 
detail for preferred embodiments, are well kno wn in the art, and the terms us ed herein, such as 
metabolizable oil, emulsifying agent, immmostimulating agent, muramyl peptide, and ]q)ophilic 
muramyl peptide, are sufficient]^ well known to describe these confounds to one skilled in the art 
v^out furttier descrqptlQa 

One componoit of these conq)ositioiis is a metabolizable, nonrtoxic oil, preferabfy one of 
about 6 to about 3 0 carbon atoms including, but not limited to, alkanes, alkenes, aU^nes, and their 
corresponding adds and alcohols, the ethers and esters thereof and mixtures thereof Hie oil can 
be any vegetable oil, fish oil, animal oil or synthetically prepared oil vAnck can be metabolized by 
the body of the host animal to which the adjuvant will be administered and \ivhiGhis not toxic to the 
subject ThehostanirnalistypicalbiramamrDal,andpreferablyrahi^^ Mroeral oil and similar 
toxic petroleum distillate oils are express^ excluded from this invention. 

Tlie oil conponentoftfais invention can also be any long (±ainalkane^ alkene or alkyne, or 
an acid or alcohol derivative thereof either as tiie fiee add, its sah or an ester such as a mono-, or 
dir or tnester, sudi as the trigtycerides and esters of 1,2-propanediol or similar poly-hydro^g^ 
alcohols. Alcohols can be acylated enq>loying annno- or pofy-functional add, for exan^de acetic 
add, propanoic ad4dtric add or the like. Ethers derived ftom long diain alcohols ^ch are oils 
and meet the other criteria set forth herdn can also be used. 

The individual alkane, alkene or all^ne moiety and its add or alcohol derivatives wiH 
generally have about 6 to about 30 carbon atoms. Hie moiety canhave a straig^ or farandied 
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diain structure. It can be saturated or Imvecme or more douUe or Wheremono 
or poly ester- or eHier-based oils are empbyed, the linntation of about 6 to about 30 carbons 
qjpHes to the individual &tty add or fiitty alcohol moieties, not llie total carbon count 

An^ metd)o]izaUe oil, particulady from an a 
herein. It is essential that the oil be metabolized Iqrlbe host to 
the oil con^nent can cause abscesses, granulomas or evren carcinomas, or (when used in 
veterinary practice) can make &e meat of vaccinated birds and animals unacceptaiUe for human 
consumption due to Ifae deleterious effect Ibe unmetabolized oil can have on the consumer. 

For a detailed desci^on of such submicron emulsions, see Intensational Piiblication No. 
WO 90/14837, and commonly owned Intonational Patent Application PCT/US0(V03331. 

The oil component of these adjuvants and immunogenic conqiositions wiU be present ia an 
amount from about 0.5% to about 20% by volume but preferab^ no more Ifaan about 15%, 
especially in an amount of about 1% to about 12%. It is most prefiared to use from about 1% to 
about 4% oiL 

Ihe aqueous portion of these submicron emuLsion compositions is preferably bufiesred 
saline or, more preferabfy, imadulterated water. Because these conpositions are intended for 
parenteral administration, it is preferable to make vap j5nal buffered solutions used as immunogenic 
corqpositions so tiiat the tonid^, ie., osmolality, is essentia]]^ the same as normal physiological 
fluids in order to prevent post-adDDdnistration swelling or rqrid absorption of the composition 
because of differential ion concentrations between the conq)osttion and plQ^sioIogical fluids. It is 
also preferable to buffer the saline in order to maintain pH compatible with normal pl^siological 
conditions. Also, in certain instances, it can be necessary to maintain the pH at a particqlg 
order to aisure the stability of certain composition con^onents such as the glycopeptides. 

Aay physiologicaDy acceptable buff^ can be used herein, but phosphate buf^ are 
preferred. Otheraocqjtablebuffeissuchacetate^tris, bicarboiiate, carbonate, or 1^ 
used as substitutes for phosphate bufiexs. The pH of the aqueous conQ)onent will preferably be 
between about 6. 0<*8.0. 

When die submicron emulsion is inxtiaUy prepared, however, unadulterated water is 
preferred as the aqueous coupon^ of Ifae emulsion. Inoreasmg the salt concentration makes it 
more difficult to achieve the desired small droplet size. "Whentiie final immunogenic cozrpositiQns 
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is prepared fromtJie adjuvant, the antigKucnaatetial can te added in abuflfar at an qjpropriate 
osmolality to provide the desared iznnnjnogemc co3iQ>ositioa 

The quantity of the aqueous con^jonent enoployed in these compositions wiU be that 
amount necessary to bring the value of the con^osition to unity. That is, a quantity of aqueous 
conq)onent sufficient to make 100% will be mixed, with the other con^ion^ listed abov% in 
order to bring the conipositians to volume. 

Asubstantial nuinber of emulsifying and suspending agents are generally used in the 
pharmaceutical sciences. These inchide natural^ derived naaterials sudi as gums from trees, 
v^etable protein, sugar-based potymers such as alginates and ceDuIose, and the Bke. Certain 
oxypo^raers or polymers having ahydroxide or other hydrophilic substitueaot on the carbon 
backbone have surfectant activity, for exaoqjle, povidone, potyvinyl alcohol, and gfycol ether-based 
mono- and poly-fmwtional conpounds. Long diain fetty-acid-deiived confounds fomi a third 
substantial group of omilsifying aod suspmding agents which could be used in this invention. Any 
of the ferpgoing sur&ctants are useful so long as they are nonrtoxic. 

Specific exan^les of suitable wnulsifying agents (also refecredto as surfectants or 
detergents) which can be used in accordance with the present invention are dis dosed in commonly 
owned lofceniational patent implication PC^^ Sinfictantsaie generally divided into 

four basic types: anionic, cationic, zwitterioniCi and namonic. Examples of amonic detergents 
include but are not limited to. alginic arid, c^Kcad^ l-decanesulfimcadd, 
deoTgrcholic acid, l-dodecanesulfonic acid, N-lauroylsarcosine, and taurocholic acid, and the Hke. 
Cattonic detergsxts indude, but are not limited to, cetdnade ChexadecyltcnnefiylamnBmmm 
bromide, orCrAB),benzalkaniumchtoride,dime%ldioctodecyIamma^^ 
DOTAP, dodecyltrimetltylamm omum bromide, ben2yldime%lhexadecyl ammonhmi cMoride^ 
cety^pyiidinium chloride, methylbenzelhonium diloride, and 4-picoline dodec^l sul&te^ and the 
Kke, Exanqjles of zwittetionic detergents indude, but are not Smited to, 3-[(3-cholamidoproEyI)- 
dimethylammonioH-propanesuIfonate (commonty abbreviated CHAPS), 3-[(choIamidopropy5- 
dimethylammonio]-2-hydroxy4"propanesulfonate (general^ abbreviated CHAPSO) N-dodecyl- 
N,N-dimethyl-3«ammonio-l-propanesulfonate, andfyso-a-phosphatidyldioline, andthehke. 
Examples of nonionic detergents indude, but are not limited to, decanoyl-N-mrtlylghicamide, 
diethylene gfe^col monopentyl ethor, n-dode<yl P-D-gtooopyranoside, ethylme oxide c<mdensat^ of 
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fatty alcohols (e.g., sold mder tiie trade naxne Lubrol), pol^oxyethylene e(hesrs of &tty adds 
(particular]^ C12-C20 &tty adds), polyoxyetibylene sorbitaa &tty add ethers (e.g., sold mderlfae 
trade name Tween), and sortaitan fttty add e&ers (e.g., sold under &e trade name Span), and the 
like. 

A particular]^ nsefid group of sur&ctants are the soititaorbased nozHonic surfactants, sudi 
as Ifae cQnanerdalfy availahle SPAN® or ARLACEt®, usually with a letter or number designation 
^didistioguishes between the vadous mono-, di- and tnestCT Ardated 
gFOiQ) of sur&ctaots conpises polyo^etfaylene sorUtan monoesters and pols^oxyetibylene sortitan 
tjiestexs^commBrcialtsravailaUeu^^ TheTWEENGsur&ctautscanbe 
combined with a related sorhitanmanoester or tdestex sur&ctants to promote enadsion stability. 

Ihe size ofthe oil droplets can be varied l^diangii^ the ratio of detergent dl 
(increasing the ratio decreases droplet siz% operating pressure (increasing operating pressure 
reduces droplet size), temperature increasing teniperature decrease dropkt size), and adding an 
anophqudhic immunostimulating agent (adding such agents decreases droplet size). Actual droplet 
size\i(dnvaiy with the particular detergent, oil, and immmiostimulffting agent (if any) and witfaifae 
particular operating conditions sdected. Droplet size can be verified by use of sizmg instruments, 
such as the commetrdal Sub-N^cron Partide Analyzer ^odd N4MD) manufactured by the 
Coulter Corporatioii, and 'die parameters can be varied using the guidelines set forth above until 
substantial^ all droplets are less than 1 micron in diameter, preferably less than 0.8 microns in 
diameter, and most prefkabfy less lhan 0.5 microns in diameter. By substantial^ all is meant at 
least about 80% (by number), preferabfy at least about 90%, more preferably at least about 95%, 
and most preferabfy at least aboxit 98%. IhepartidesizedistributionistypicaQy Gaussian, so that 
the average diameter is snaaQer than the stated limits. 

A preferred oil droplet ^nulsion is MF59. MF59 can be made according to the procedures 
described in, for example, Ott et aL, Vaccine Design: The Submit And Adjuvant Approach^ 1995, 
M.R Powell and M.J. Newman, Eds., Plenum Press, New York, p. 277-296; Singh etaL, Vaccine, 
1998, 16, 1822-1827; Ott era/.. Vaccine, 1995, 13, 1557-1562; miVsl&metaL, J. Immunol, 
1994, 153, 4029-39, the disdosures of \^ch are incorporated herein by reference inthdr entirety. 

Other oil droplet emulsions indude, fer example, SAF, containing 10% Squalane, 0.4% 
Tween 80, 5% pluronio-blocked po^miCT L121, and thr-MDP either microfluidtzed into a 
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submicron enmlsion or voTtecsed to generate alarger partide size enndsioDy and Ribi® adjuvant 
system (RAS), (Ribi ImmunocheDa, Hamilton, MT) containing 2% Squalen©, 0.2% Tween 80, and 
one or more bacterial cell wall con^oneats from the group consisting of monopihosphoiylipid A 
(MPL), trdialose dimycolate (TDM), and cdl wall skeleton (CWS), preferaMy MPL + CWS 
(DetoxJ) (for a further discussion of suitable suhmicron oil-in-water firmilsion!? for use herein, see 
commonly owned, patent ^pHcationno. 09/015,736, Siod on January 29, 1998). 

After preparing tiie rmcroparticles of the invaation, whether of the polymer type or the 
submicron emulsion type, macromolecules sudi as polypeptides and vector constructs m^ be 
adsorbed thereto as previously discussed. lie suhmicron emulsion micropartides of ttie present 
invention may also have macromolecules entrapped or enc^sulated within them, as well as having 
macromolecules adsorbed Ihereoa Thus, for emnplo, one of skiE in tiie art may prepare in 
accordance wrtfi the invention micropartides having encj5)sulated adjitvants with ELVIS vector 
adsorbed ther6on,.or miGropartides having encapsulated antigen witii RNA vector construct 
adsorbed thereon. The invention contenq)Iates a variety of combinations of nudeic add 
macromolecules adsorbed on and eotr^ed williia micropartides, along with other nudeic adds as 
wen as other antigenic molecules. Preferahby, the micropartides of the invention have ELVLS 
vectors or RNA vector constructs adsorbed tiiereoa Additionally, any of the embodiments of Ifae 
micropartides of the invention may be deSvered in coqunction with dectroporatioxL 

3. ELVIS vectpis 

ELVIS vectors are Bukaiyotb Layered Vector Bntiation Systems, winch are general^ 
described in U.S. Patents 5,814,482 and 6,015,686, cited above, as well as in Mecnational Patent 
plications WO 97/38087 and WO 99/18226. In one embodiment, an ELVIS vector is derived 
from the genome of an a^havinis, more preferably from Sindbis virus (SIN), SemUki Forest virus 
(SFV),Venezudan equine encephalitis vins(VEE)^ or Ross Rhrerv^ Thea^virusis 
an RNA virus of approxnnatety 1 1-12 kb in length, which contains a 5' cap and a 3' pot/adeiQrlate 
tail Ihe mature infectious virus is composed of the genomic RNA enveloped by the nudeocapsid 
and envelope proteins. Alpbavtrus infection of liost ceDs occurs by a receptor specific event and 
culininates in rdeaseofgenoinic RNA into the cytoplasm. During viral replication, tiieviral- 
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BDcoded envelope glycoptoteiDs El and B2 are synthesized and embedded in the host cell 
naecnhrane, tfarou^ which progeny vinoos bud and release to the outside of the host cdDL 

Replication of the viral genome begins whh the genomic RNA strand serving as the 
tso^late for synthesis ofaconvloDBDtaxy negative RNAstra^ Ihe negative RNA strand theai 
serves as a teoiplate for M-lengdi genomic RNA, and for an int^naD^ initiated positive-strand 
subgenomic RNA ThenonstriKturalproteins aretranslated fiom the genomic Strang ' 
structural proteins are translated fixm the subgo All 'die viral genes are eogxressed 

first as pol^^oteins, then post-translationaify processed into individual proteins by proteolytic 
deavage. 

An al^iavirus vector repficon may be built by replacing certain portions of the viral genome 
(e.g., structural protein genes) with a selected heterologous nucleic add sequence. Thus, in certain 
embodixnents» an al^diavirus rephcon vector may conqdse a S' sequence cs^abie of hntiating 
transcrq)tion of an alphavirus, anudeotide sequence encoding the a^ihavirus nonstructural 
proteins, an ai^haviral junction region promoter, an alphavhns RNA po^merase reooguition site, 
and a 3* polyadenylate tract Additionaliy, the alphavirus vector repUconmay be contained as a 
cDNA copy wi&m an alphavirus vector construct Sudi vector constructs typicalty conqoise a 5* 
promoter enable of initiating synthesis of RNA firom cDNA positioned upstream and operabl^ 
associated with tiie vector cDNA, such that transcription produces the vector replicon KN A The 
vector construct also m^ contain and a 3* sequence controlling transcription temnDation. A 
heterologous nuddc add sequence may be present i^stream or downstream of the viral junction 
region. 

The ELVIS vector cq)italizes on tiiemedianism of RNA virus replication to achieve 
ddiveiy of a heterologous nudeotide sequence of iotarest by using a double-layered approach (for 
example, based on the above-desoibed alphavirus vector construct). In general, an ELVIS vector 
provides a layered esqpression system capable of an^U^dng the amount of RNA encoding tbe gene 
product of interest because the first layec initiates transcription of a secozui layer. Thus, a typical 
ELVIS vector comprises a 5* promoter capMt of initiating synthesis of RNA firom cDNA, a 
dSNA complement of a construct capable of autonomous replication in a cell, and whidi construct 
is also capable of e^essing aheterologous nudeic add sequence, and a 3' sequence controlling 
transcription tennination. The construct cqpable of autononoous regplication and esqiression of the 
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selected middc add sequeace xxiay be an alphavirus vector construct. Tbas, the first la^er of the 
DNA ELVIS vector traoscdbes Ifae KNA a^ihavirus vector c(mstruct» from wUdi expression of 
the selected heterologous nucleic add sequeoce is adueved. 

An diducvirus-based ELVIS vector may be constructed by first prq)aring a cDHA 
coniplenieDtaiy to an a^havirus genome. Il]ed)NAcoIIespQndingtofllBgeQondcK^lAis thm 
« .ddetedofsequem^ encoding one <»r more virdstnicturalprot^ 

wAi heterologous DNA encoding Ifae gene-product of interest, tfaopeby preveiitii]^ padc^g of 
mature virus and enabling amplification of tiie heterologous sequence. The modified dDNA 
contaimng &e heterologous sequence is Ifaen inseited ^v^^ 

Upon entiy into Ifae cell and nudeus, ifae H.VIS vector win be transoibed and the resulting mRNA 
molecules, vftkh are RNA vectois capable of sdfrepHcation, will b^gin to replicate and translate 
polypeptides, induding ^ heterologous gene of interest 

While a^cfdSindUs-dedved alphavirus vector ccnstr^ other al^diavirus 

spedesmagr be readiljr used accoidi]% to Ifae teadnngs provided here^ Ahemativdy, vectois 
derived from any RNA virus be utilized, particularly those from positive-stranded viruses. 

Hie construction of an ELVIS vector, in general, is described in U.S. Patents 5,814,482 
and 6,015,686. Briefly^, RNA is obtained from an RNA virus, tiien cDNA is synthesized by PGR 
anpMcation using ^propriate primers for particular genes or portions of the RNA virus, wfaidi 
pziiners may also contain additional restriction sites as necessary. The cDNA fragments are tihen 
doned into a plasmid and transformed into an appropriate host such as E. coli. Positive colonies 
are grown for plasmid purification, and then plasmids are assembled into the desired BLVIS vector 
with a portion having heterologous DNA sudi as a rq)orter gene (e.g., GFP) or a d^ed gene 
coding jfor an antigen. Exan5)lB 3 bdow describes a particular preferred ELVIS vector (pSINCP) 
used in accordance with the instant invention 

4. RNA and pCMV vector coDstnicts 

In other embodiments of the present invention, an KNA vector construct or RNA repUcon 
vector is used directly, wrtfaout &e requir^nent fi)r introduction of DNA into a cdl and transport 
to Ifae nucleus vAeretransciqytian would occur. By using the RNA vector for direct delivery into 
the <ytoplasm of the host ceD, autonomously replication and translation of the heterologous nuddc 
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add sequence occurs efiBdently. In this embodiment, tiie RNA vector construct or RNArepUcon 
vector is obtained by in vitro transcnption from a DNA-based vector construct Preferably, the 
BNA vector construct or BNA repficon vector is derived from the genome of an ai^shavirus, more 
preferaUy from Sindbis virus (SIN), Serxdild Forest virus (SFV), Venezadan eqtdne encephalitis 
virus (VEBX or Ross River virus (RRV). In 0lfaerexnbodiinBnts,1faeKNIA vector coostr^ 
dodvedfiomavinisoliieitfaananalphandrus. Preferaih^, sikh other viruses used ferlfae 
denvation of BMA vector constructs are positive-stranded KNA viruses, and more preferably they 
arepiconmvinises;flaviviruses,rubiviruses, orcoronavto Con^ositions and methods for in 
^0 transcdption of aljdiavirus-based KNA vectors is provided in detail elsev^diere (see U.S. 
Patent 5,842,723 and Polo et al, 1999, PNAS 96:4598-603). Ihe RNA vector is then adsorbed to 
a mloroparticle of the invention for delivery as detailed herein. ^Wfaile a typical a^havirus RNA 
vector fromSIN, SFV, VEB or RRV is preferred, similaf vectors derived from other al^havirus 
spedes may be readify substituted. 

In other embodiments of the present invention, pCMV vector constructs are used Such 
vector constructs are wen known in the art A particulaifypreferedpCMV vector contains the 
immediate-early enhancer/promoter of CMY and a bovine growth hormone tenrnnator. It is 
described in detail in Chapman, B. S,, et aL 1991. ^'Effect of intron A fromhunm cytomegalovirus 
CTo wne) immediate-ear^ gene on hetearologons expression in TnaTmrmiinn ceDs." Nudeic Adds 
Fes. 19:3979-86. 

5. Adjuvants 

Adjuvants may optionally be used to enhance the efifectivaiess of the pharmaceutical 
compositions, wifiiThl stimulating adjuvants bdng particulady preyed. Hie a<$uvants m^ be 
administered concurrently widi the micropartides of the present invention, e.g., in the same 
conoposidon or in separate conqx>sttions. Alternatively, an adjuvant may be administered prior or 
subsequent to the naicropardde compositions of the present invention. Li another embodiment, the 
adjuvaixt,sudi as an hnnaunologicala($uvant, may be encapsulated in ^ Adjuvants, 
just as any macromolecules, may be encapsulated within the microparddes using ai^ of "die several 
methods knovm in the art See, e.g., U.S. Patent No. 3,523,907; Ogawa et al, Chem Pharm, Bull 
(1988) 36:1095-1103; OBagan et aL, Vaccine (1993) 11:965-969 and Jefiferey et aL, Phann. Res. 
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(1993) 1£:3$2. Attematively, adjuvants rosy be adsorbed on the miCTopardcle as descnbed above 
fer say macromolecule. Altemath^, adjuvants may con^pnse the oil droplet emdsioDS of tibie 
piesentinventioa 

lD3niunologi(»l adjuvants inclade, but are (l)alunainum salts (alum)»sudi as 

ahiminamliydroxide, alunmuon phosphate, ahmnnum sol&te, etc.; (2) other oQ-in water emulsum 
finnndations (with or without other specific tinnnmngtinfnilating agents such as murainjd peptides 
(see below) or bacterial cell wall conoponents), such as for exanqde (a) MF59 (Intemational 
Publication No. WO90/14837; Cbapta 10 in Vaccine (ksign: the subunitm adjuvant cpproach^ 
eds. Powell & Newman, Plenum Press 1995), containiqg S% Squalenet, 0.5% Tween 80, and 0.5% 
Span 85 (optional^ contanmig various amounts of MTP-PE (see bdow), althou^ not required) 
formulated into submicrozi particles using a microfiuidizer 
(Nfioofluidics, Newton, MA), (b) SAP, contahm^ 10% Squakne, 0.4% Tween 80, 5% pluronic- 
blociked poj^mer L121, and thr-MDP (see below) either microfluidizBd into a submicron emulsion 
or vortexedto generate alarger particle size emLdsion, and (c) Ribi*"^ adjuvant system (RAS), (Ribi 
Imnnmodiem, Hamilton, MI) containing 2% Squalene;, 0.2% Tween 80, and one or more bactenal 
cell wan con5)onents from the groiq) consisting of monophosphoiylqiid A (MPL), trehalose 
dim^colate (TDM), and cdl wall skdeton (CWS), preferabfy MPL + CWS petox™) (for a further 
discussion of suitable submicron oit-in-water enudsions for use herein, see commonly owned, 
patent apphcation no. 09/015,736, filed on January 29, 1998); (3) saponm adjuvants, sudi as QuH 
A, or QS21 (e.g., Stimulon^ (Cambridge Bioscience, Worcester, MA)) may be used or partide 
generated tfaer^om sudi as ISCOMs (immunostimulating complices), yMsix ICOMS m^ be 
devoid of additional detergent e.g., WOOO/07621; (4) Con?)lete Freunds Adjuvant (CPA) and 
Incon?)lete Freunds Adjuvant (IFA); (5) qrtokines, such as intedeukins (e.g. EL-l, IL-2, IL-4, BL- 
5, IL-6, ILr7, IH2 (W099/44636), etc.), interferons (e.g. gamma interferon), macrophage colony 
stimulating fiictor (M-CSF), tumor necrosis fictor CTNF), etc.; (6) monophosphoryl lipid A (MPL) 
or 3-0-deacylated MPL (3dMPL) e.g. G8-2220221, EP-A-0689454, optionally^ in the substantial 
absence of alum when used with pneumococcal saccharides e.g. WOOO/56358; (7) combinations of 
3dMPL wiih, for ejcample, QS21 and/or oil-in-water emulsiQns, e.g., EP-A-0835318, EP-A- 
0735898, BP-A-0761231 ; (8) oUgonudeotides comprising CpO motifi (Roman et al, Nat Med, 
1997, 3, 849-854; Wdner et (0., PNAS USA, 1997, 94, 10833-10837; Davis et aL, X Immunol 
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1988, 160, 870-876; Chu et aL, J. Exp. Med, 1997, 186, 1623-1631; Upford et d., Eur. J, 
ImmunoL 1997, 27, 2340-2344; Moldoveaau et aL, Vaccine, 1988, 16, 1216-1224, Krieg et aL. 
Nature, 1995, 374, 546-549; K&axom et aL, PNAS USA, 1996, 93, 2879-2883: Ballas et aL, J. 
ImmunoL, 1996, 157, 1840-1845; Cowdery et aL, J. Immunol, 1996, 156, 4570-4575; Halpem et 
aL, Cell ImmunoL, 1996, 167, 72^78; Yomamoto et al, J Cancer Bes,, 1988, 79, 866-873; 
Staoey et aL, J. Immunol, 1996, 157, 2116-2122; Messma et aL, / ImmunoL, 1991, 147, 1759- 
1764; Yi et aL. J. ImmunoL, 1996, 157, 4918-4925; Yi et aL, J: ImmunoL, 1996, 157, 5394-5402; 
Yi et aL, J. ImmunoL, 160, 4755-4761; and Yi et aL, / ImmunoL, 1998, 160, 5898-5906; 
Monational patent applications WO96/02555, W098/16247, WO98/18810, WO98/40100, 
W098/55495, W098/37919 and W098/52581) ia containing at least one CG dinudeotide, with 5 
metbylcytostne optionaDy being used in place of cytosine; (9) apolyoi^etfaylene edier or a 
pofyo:^e%lene ester e.g. W099/52549; (10) a polyos^etibyleae sorfaitan ester suE&ctant in 
combinadon with an octo^ol (WOOl/21207) or a polyosyetl^lene alk^l etiier or ester surfactant 
in conihination with at least one additional non-ionic snr&ctant such as an octo^^nol 
(WOOl/21152); (1 1) a saponin and an immunostimulatoiy oligonucleotide (e.g., a CpG 
oligonudeotide) (WO00/62800>; (12 ) an immunostiniulant and a particle of metal salt e.g. 
WOOO/23105; (13) a s^nin and an oil-in-water emukion e.g. W099/1 1241; (14) a saponin (e.g., 
QS21) + 3dMPL + 11^12 (optionally + a sterol e.g. W098/57659; (15) detoxified mutants of a 
bacterial ADP-ribosylating toxin such as a cholera toxin (CI^, a pertussis toxin (Pl^, or an£ coli 
heat-labile toxin (LT), particulaify LT-K63 (where fysine is substituted for the wild-type amino 
add at position 63) LT-R72 (where argimne is substituted for die wild-type amino add at position 
72), CT-S109 (where sorine is substituted for Ihe wild-type amino add at position 109), and PT- 
K9/G129 (where lysine is substituted for the wild-type amino add at position 9 and glycine 
substituted at position 129) (see, e.g., International Publication Nos. W093/13202 and 
W092/19265); and (16) other substances that act as immunostimulating agents to enhance the 
effectiveness of the compositiQa. Alum (espedalfy aluminum phosphate and/or hydroxide) and 
MF59 are preferred. 

Muram^l peptides indude, but are not limited to, N-acetyl-nxuran^-L-threonyl-D- 
iso^utamine (Ihr-MDP), N-actq^lrnonnuran^l-L-alanyl-D-isog^hiato^ (nor-MDP), N- 
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acelybiuraiiiyl-I^alaziyl-D-i^^ 
tay(iroiQ^ospho3ylo:^)-e%lai^ OvfTP-PE), etc. 

For additional exanples of adjuvants, see Vaccine Design, The Svbunit and the Adjuvant 
jipproach, Powell, M.F. and Newman, M.J, eds., PlBmimPress, 1995) 

Urns, an optional additional component of the conipositions of Ifae present invention 
pzefeablsr is an adjuvant sucfa as ahmmunn salts or an o%Qnudeotide which coizpises at least one 
CpOmotif As used herein, the pbiase"CpG motif' refers to a dinude 
oligonucleotide which con:pdses a cytosinem^^ Such 
oligonudeotides can be prqiared using conveotional oligonucleotide syndiesis weQ known to the 
skOled artisan. Preferably, the o%onudeotides of the invenlioncon^^ 
such as a phosphorothioate or peptide nudeic add, so as to confer nudease resistance to the 
oligonudeotide. Modified backbones are weUknownto those skilled in the art Prefored peptide 
nudeic adds are described in detail in U.S. Patent Numbers 5,821,060, 5,789,573, 5,736,392, and 
5,721,102, Japanese Patent No. 10231290, European Patent No. 839,828, and PCT Publication 
Numbers WO 98/42735, WO 98/42876, WO 98/36098, WO 98/27105, WO 98/20162, WO 
98A6550, WO 98/15648, WO 98/04571, WO 97/41 150, WO 97/39024, and WO 97/38013, the 
disdosures of which are incorporated herein by reference in their entirety. 

Hie oligonudeotide preferabfy conqnises between about 6 and about 100 nudeotides, 
nK)re preferably between about 8 and about 50 nudeotides, most preferably betwe^ about 10 and 
about 40 nudeotides. In addition, the ohgonudeotides of Ihe inventioii can con^prise substitutions 
of the sugar moieties and nitrogenous base nooieties. Preferred oligonudeotides are disdosed io, 
for emx^lo, Krieg et al.. Proa Natl Acad Sci. USA, 1998, P5, 12631-12636, Hinman et aL, 
Proc. Natl Acad Sci. USA, 1996, 93, 2879-2883, Wdner et aL, Proa Natl. Acad Sci. USA, 
1997, 94, 10833-10837, C2m et al, J. E^. Med, 1997, 186, 1623-1631, Brazolot-Millan et al, 
Proc. Natl Acad Sd: USA, 1998, 95, 15553-15558, BaDas etal,J, Immunol, 1996, 157, 1840- 
1845, Cowdery et al, J. Immunol, 1996, 156, 4570-4575, Halpem et al. Cell Immunol, 1996, 
167, 72-78, Yamamoto etal, Jpn, 1 Cancer Pes., 1988, 79, 866-873, Stacey etal, 1 Immunol, 
1996, 157, 2116-2122, Messina e/ a/., J. Immunol, 1991, 147, 1759-1764, Yi etal, J, Immunol, 
W96. 157, 4918-4925, Yi etal, J. Immunol, 1996, 157, 5394-5402, Ti et al, J. Immunol, 1998, 
160, 4755-4761, Roman et al, Nat Med, 1997, 3, 849-854, Davis et al, J. Immunol, 1998, 160, 
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870-876, lipfbrd et al, Eur, J. Immunol, W97, 27, 2340-2344, Moldoveanu et al. Vaccine, 
1988, itf, 1216-1224, Ti etcd., J. ImmunoL, 1958, 160, 5898-5906, PCT PubKcatm WO 
96/02555, PCT PuHication WO 98/16247, PCT PublicatiDii WO 98/18810, PCT PuWicafion WO 
98/40100, PCT PuMicatiDn WO 98/55495, PCT Publication WO 98/37919, aod PCT Publication 
WO 98/52581, fhedisdosures of wUch are tocoiporatedbei^ Itis 
to be unden^od tbat the oligonucleotides of Ihe invention comprise at least one C^G motif but 
can contain a pbrrality of CpO nxstifi. 

Prefenred oligonucleotides conprise nudeotide sequences such as, for exanqple, 
tcca^acgttcctgacgtt (SEQ ID N0:1), ataatcgacgttcaagcaag (SBQ ID N0:2), 
ggggtcaacgttgagggggg (SEQ ID N0:3), tctcccagcgtgcgccat (SBQ ID N0:4), 
gagaacgctcgaccttcgat (SBQ ID N0:5), tccatgt(^[ttcctgatgct (SBQ ID N0:6), tcca^gttcctgatgct 
(SBQ ID N0:7), gctagacgttagcgt (SBQ ID N0:8), atcgactctcgagcgttctc (SBQ ID N0:9), 
gaaccttccatgc^ccg (SEQ ID NO:10}, gctaga^gttagc^ (SBQ ID N0:11), tcaacgtt (SBQ ID 
N0:12), gcaacgtt (SBQ IDN0:13), tcgacgtc (SEQ ID N0:14), tcagcgct (SEQ ID NO: 15), 
tcaacgct (SEQ ID NO:16), tcatcgat (SEQ ID N0:17), tcttcgaa (SEQ ID N0:18), 
tgactgtgaacgttcgagatga (SEQ ID NO: 19), tgactgtgaat^ttagcgatga (SEQ ID NO:20), 
tgactgtgaacgttagagcgga (SEQ ID N0:21), gtttgcgcaacgttgttgccat (SEQ ID NO:22), 
atggcaacaacgttgcgcaaac (SBQ ID NO:23), cattggaaaacgttcttcgggg (SEQ ID NO:24), 
ccccgaagaacgttttccaatg (SEQ ID NO:25), attgacgtcaat (SEQ ID NO:26), ctttccattgacgtcaatgggt 
(SEQ ID NO:27), and tccatacgttcctgacgtt (SEQ ID NO:28). In preferred embodiments of tbe 
iavention, the oligonucleotide comprises a CpG motif flaoked by two purines at the 5' side of the 
motifandtwopyrimidihesattheS'sideoftiieinotif It is to be understood, however, that any 
oligonucleotide comprising a CpG motif can be used in the present invention as long as the 
oligonucleotide induces an increase in Thl lyn^diocyte stimulation when combined with fbG 
ndcropartide con^ositions described herein. 

6. Antigens 

The present invention is also directed to immunogenic compositions conq)rising the 
micropartides descdbed above with adsorbed maoromolecules, preferably vector coDstructs 
encoding antigois and/or antigen per se. Generally, an antigen stimulates tixe proliferation of T- 
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lyniphocytes, preferably Tbl lynq)hocytes, \vifhrecqptois fi>r the antigea and can react ^vifhlhe 
lynqihocytes to midate fhe secies of respoiises desigoated ceU-mediated inmnmity. An antigea vosy 
thus induce a CTL response, and/or a humoral response, and may induce cytokine production. 

Anq>xtopeis wifhinthescopeoflfais deEbt^ An epitope is ^portion of an 

antigemcinolecideoraxitigenicconipl^ Conrnxsnly, 
an qpitope is a pqitide or po^saccharide in naturally occurnng anti gflng In artificial antigens it can 
be a low molecular weight substaocesudi as an aisao^ An epitope win react 

specificaI^i»wvDor/nW/^awithhoinologousantn)odiesor Alternative 
descriptors are antigemc determinant, antigenic structural groaq)jng andhaptemc groiqring. 

In preferred embodinouents of tlie invention, the antigenic substance is derived from a virus 
such as, for exarople, human immunodeficLency virus (HIV), hepatitis B virus (HBV), hepatitis C 
virus (HCV), herpes sm?)leK virus (HSV), cytomegalowus (CMV), influenza vnus (flu), and 
rabies virus. Preferably, the antigenic substance is selected from the group consisting of HSV 
glycoprotdn gD , HIV gfycoprotein gpl20, HTV p55 gag, and polypeptides fromihe pol and tat 
regions. In other preferred embodiments of the invention, the antigemc substance is derived from a 
bacterium such as, for exan^de, Helicobacter pylori^ Haemophilus influenza, diolera, diphtbfiriq^ 
tetanus, Neisseria meningitidis, and pertussis. In other preferred embodiments of the invention, 
the antigenic substance is from a parasite such as, for exanq}le, a maladaparasi^ Inanother 
preferred embodiment of the present inv^cn, the antigen is adsorbed to the surfece of a 
ndcropartide of the present inventioit 

Antigens can be produced by methods known in the art or can be purchased from 
commercial sources. Antigens wttfain the scope of tins invention include whole 
particles, isolated virus protems and protein subuoits, wboh cells and bacteria, cdl membrane and 
cdlwaU proteins, and the like. Some prefored antigens are described below. 

Herpes sinqdex virus (HSV) rgD2 is a recombinant protein produced in genetically 
eatigineeredOmesehanosteroi^aiyceiDs. Ilusprotem has the normal anchor region truncated, 
resiiltiiig in a glycosylated protean secreted into tissi^ The gj)2 can be purified in 

the CHO medium to greater than 90% purity. Human immunodeficieQcy virus (HIV) env-2-3 is a 
recombinant form of the HTV enveloped protein produced in geneticalty engmeered 
Sacdiaromyces cerevisae. This protein represents the esoliie protein region of HTV gpl20 but is 
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non-gtycosylated and deoatured as pixdfied fibom the yeast HIV gpl20 is a fdHy glycosylated, 
secreted foim of gpl20 produced in CHO cells ia a fishion similar to Ibe gD2 above. Additional 
HSV antigens smtaUe for use in immunogemc compositions are descdbed in PCT Putdications WO 
85/04587 and WO 88/02634, the disdosuies of winch are incorporated herein by refbrence in tbeir 
entirety. Nfixtures of gB and gD antigens, iwhidi are truncated sur&ce antigens laddi^ the andior 
regions, are particcdaify preferred 

Additional HIV antigens sintaUe for use in inxnunogenic compositions are described in 
U.S. applications serial no. 490,858, filed March 9, 1990, and published European application 
number 181150 (May 14, 1986), as well as U.S. appUcations smd nos, 60/168,471; 09/475,515; 
09/475,504; and 09/610,313, tbe disclosures of which are incorporated herein by reference in fheir 
entirety. 

Cytomegalo'virus antigens surtaUe for use in inoonunogemc coix;)ositLons are described in 
US. Patent No. 4,689,225, US. application serialnumber 367,363, filed June 16, 1989 and PCT 
Publication WO 89/07143, the disclosures of wfaidi are incorporated herehi by reference in their 
entirety. 

Hepatitis C antigens suitable for use in immunogenic con:^ositions are described in 
PCT/US 88/04125, published European qjplication number 318216 (May 31, 1989), published 
Japanese q)pIication number 1-500565 filed November 18, 1988, Canadian application 583,561, 
and BPO 388,232, disclosures of which are iacorporated herein by reference in their entirety. A 
difierent set of HCV antigens is described in European patent application 90/302866.0, filed March 
16, 1990, and U.S. application serial nmniber 456,637, filed December 21, 1989, and 
PCT/US90/01348, Ifae disclosures of which are incorporated herein by reference in tiieir entirety. 

Immunogenic con:9>ositions of the invention can be used to iinTmmizfl birds and mflTmnfllg 
against diseases and infection, including without limttadon cholera, dq}htheria, tetanus, pertussis, 
influaizaj measles, mmingitis, muiqps, plague;, poEonxyehtis, rabies, RocIq^ Mountain spotted 
fever, rubella, smallpox, typhoid, typhus, feline leukemia idrus, and yellow fever. 

Certain immunogenic conq)osrtions of the invention will en^loy an effective amount of an 
antigen. For exsarplo, there may be ioduded an amount of antigen \sdiicb, in combination with an 
ac^ant, will cause the subject to produce a specific and suffident immunological response, so as 
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to inqpart protection to the sutgect fixm the subsequent eiqiosure to a virus, bactecium, fimgus, 
nQTcopIasma, or parasite. 

In other embodinieats, a oonqtosition conqxrisicg an antigen will be used to boost tiie 
immunological response of a previously adnmustored vector construct, vAadi preferab^ coiq>nses 
a heterologous mideic add sequence fhat encodes the azxtigea M6repreferabfy,1faeaiitigeQis 
associated widi (e.g., adsorbed to) fhe microparticles described herein and/or the antigen is 
coadnnnistered with an adjuvant. 

No single dose designatian can be assigned yAndi win provide specific guidance for each 
and every antigen v^iidi can be employed in Ibis inv^ The efifective amount ofaotigenwpl be 
afunction of its inherent activify and puriiy and is enopncally deteonined by those of oidinacy skill 
in'die art via routine expenmentatiQn. It is ccntenqilated that tiie adjuvant compositions of tiiis 
invention can be used in conjunction with v^le cell or viral hnmunogenic coiqiositions as well as 
with punfied antigens or protein subunit or peptide insmunogenic compositions prepared by 
recombiaant DNAtecfaniquBS or syntiiBsis. 

Where the antigen is provided in connection with an emulsion, becaus e the adjuvant 
corq>ositi0ns of tiie invention are stable, the antigen and emulsion can typical^ be mixed by sinQ)le 
shaking. Other techniques, siich as passing a mixture of the adjuvant and solution or suspension of 
the antigen rqndly ttnou^ a smaQ openipg (such as a hypodennic needle), readify provide a useful 
immunogenic coiqposition. 

The immunogenic conq)ositions according to the present invention con^rise about 1 
nanogram to about 1000 micrograms of nudeic add, prefisrahly DNA sudx as, for exanq)le, CpG 
oligonudeotides. In some pref^ed embodiments, the nnmunogemc compositions contain about 
10 nanograms to about 800 miaograms of nudeic add. In some preferred embodtmeots, liie 
immunogenic compositions contain about 0.1 to about 500 micrograms of nucleic add. In some 
preferred embodfanents, Ifae immunogenic con^)ositions contain about 1 xmcrogramto about 10 
milligrams of nuddc add. In some prefeized embodunents, tiie immunogenic conq)ositions 
contain about 250 nncrograms to about ImilUgram of nuddca^ In some preferred 
embodiments, the immunogenic coinpositions contain about 500 micrograms to about 1 milligram 
ofnuddcadd. OnesldQedinlheart canreadifyforrnulateaninmnmogancco^ 
compdsiog any desired amount of nuddc add. The immunogenic compositioDS accordiogto Ihe 
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present isveotioii are proved sterile and pyrogen free. Hie immunogenic con9)ositioiis can be 
conTmently admimstered in unit dosage form and can be prqtared by ai^ of the methods weD 
known in the phacmaceutical art, for example, as described laRsmingtm's Pharmaceutical 
Sdences ^fack Pub. Co., Easton, PA 1980), the disdosuie of ^di is incorporated herein by 
lefo ence in its entire^. 

The present invention is also directed to methods of stimulating an immune response in a 
host animal conoprising administecing to the animal one or more iMimunogemc compositions 
desoibed above in an amount efi^ve to induce an imniuneres^^ Ihe host animal is 
preferably a mammal, more preferably a human. Preferred routes of adujiulsliation indndet; but are 
not limited to, intramuscular, intn^eiitonea], intradermal, subcutaneous, intravenous, intraarterial, 
intraoccular and oral as ^eU as transdermal or by inhalation or siqipository. Most preferred routes 
of administration indude intramuscular, intraperitohBal, intradermal and subcutaneous iq|ectioa 
According to some embodiments of the present invention, the immunogenic conoipositions are 
administered to a host animal usin^ a needleless injection device, which are weQ kno^ and wideity 
available. One having ordinary skiU in the art can, foBo wing Ihe teadiings^ 
injection devices to deliver immunogenic con:$)05itions to ceills of an individual Additionally, the 
embodiments of Ihe invention may be delivered together with electroporatLoa 

The pres^ invention is also directed to methods of immunizing ahost animal against a 
viral, bacterial, or parasitic infection conq)rising administering to the animal one or more 
immunogenic conq)Ositions described above in an amount efifective to induce a protective response. 
The host aninad is preferably a manxnal, more preferably a human. Prefeaed routes of 
admimstration are described above. "Whole propbylactic or ftuerqieutic treatment of the host animal 
can be directed to any pathogen, preferred pathogens, induding, but not limited to, the viral, 
bacterial and parasitic pathogens described above. 

The present invention is dso directed to mslhods of indudog an immune response in a host 
animd comprising adnnnistering to the anhnal one or more immunogeoic con^ositioDS described 
above in an anK)unte£kctive to induce an immune response. The host anhnal is preferabby a 
mammal, more preferably a fautnaa Prefeaed routes ofadministration are described above. One 
skined in the art is readily feniliar vidth hnn^ 
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Tbe present invsxtion conteiz^lates the use of pofymer micropartides or submiCTan 
emuMon xniaopartides y/iSi adsoibed macromolecule to eUdt aa inanune respoiose abne, or ia 
comhmation with aaother macromoleaile. That is, tbe ioveolion eDcon9)asses micropartides with 
adsorbed nodeic acid, subtmcroa emulsiQns wilfa adsorbed xmdeic add 
znolecde, aodlhecoiDbinationofxdGaropartideswil^ 

suhodcroii omdsioas with adsorbed nuddc add or inxmiinostnimlatiDg molecule. Electropoiation 
may also be used to iaqnrove ddiyeay of tfaemideic add 

As demonstrated by tiiefoOowiiigBxan^les^lbe preset 
with adsorbed macroimlecuIeseHch strong immune r^ Additiona%,1faepreseaDt 
invention's submicron emulsioii micropartides also elidt strong iromune responses. Hie 
combination of the present inyentioDis micropartides with adsorbed macromolecules is tiierefore a 
powerful tool for didting immmie responses. 

M references dted herein are himby incoxporated by reference in their e^ety. 

pypfirimmtfll 

Bebw are exanq}les of specific embodiments for carrying out the pres^ inn^eotionL Ibe 
Exaic^les are of^ed for illiistrattve purposes oi]fy, and axe not intended to Titnit the scope of 'ttie 
present inv^on in ai^ way. Tbose skiUed in the art wiU recognize modiGk;ations that are withm 
the spirit and scope of Ihe inventioa 

Efforts have been made to ensure accuracy with respect to nunibers used (e.g., amounts, 
tenq)eratures, etc.), but some experimental error and deviation should, of course, be allowed for. 

Example 1 

Preparation nf Pnlymftr K Bcropartides with Adsorbed Nudeic Add 
PLG-CTAB micropartides wo'e prqpared using a modified solvent evaporation process. 
Briefly, the micropartides were prepared by emulsifying 10 ml of a 5% wAr po^moer solution in 
meibyleoe ddoride with 1 ml of T.B. buffer at ingH speed using aa IKA homogenizer. Hue primary 
emulsion was tiien added to 5Qml of distilled water containing cetyl tdmethyl ammonium bronoide 
(CTAB) (0.5% w/v). This resulted in the foimafion of a w/o/w emuilsion wfaidi was stirred at 6000 
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ipmfor 12 hours at room temperature, allowing tiie metJiylenB chloride to evaporate. The resuMng 
miciopartides were washed twice in distiOed 

For a typical hatch of 100 mg of DNA adsorbed ini(ax>partides, 100 mg of PLG-CTAB 
catioiuc tmcropartides were wdgMinto a^^ vial andresuspeoded vyitfaS nd volume of 
200^gM of DNA sohitian (ie., Ihe plasmid pCMV or pSINCP contaimpg gpl40 or p55gag) ia 
T.E. Buffer. The suspension was vortexed for a one nnnuie to umformfy disperse the 
miciopartides in the DNA solution. The vial was set on a shako: (slow speed) at 4 C for ovemi^ 
adsorptioa The next day Ihe rnicropartides were caitrifiigeddow^ 

cenliifugefor lOnmutesandthesiqpOTiatantwas^ Hiepeletwas 
washed once with IX TE buffer by resuspoiding the pellet in 1 X TE buffer, dispersing with a 
spatula and centrifuging at 8,000 ipmfor 10 niu^ UtefinalpeDet wasresuspendedina 
mimmum amount of de-ionized water (about 2 ml) by dispersing the pellet with a spatula, and 
fieeze dried on a bendi top lyophilizer (Labconco) for 24 hours. 

Hie supernatant was assayed for DNA content by reading the ahsoibance at 260 mn. 
Amount of DNA adsorbed on the microparticles was calculated by subtracting the amount in the 
si5)ematant from the total DNA input (1 mg per 100 mg of nriaroparticles. The total toad was 
estimated by dissolving 5 mg of final formulation in 0.5 M NaOH/1% SDS solution and reading the 
clear sohxtion after hydrofysis act 260 nm. 

Exanple2 

Preparation of Submicron em dsjon Micropartides with Adsorbed Nucleic Add 
A suhmicron emulsion formed from MF59 and DOTAP was prepared by providing DOTAP 
(indiloroforn\)inabeakerandanovwngitto evq)oratedovmto200uL Tweai(0.5% w/w), 
Squalene (5.0% w/w) and Span (0.5% w/w) were added and homogenized for 1 minute using an 
Omni homogenizer with a lOmm probe at lOKrevs/min in order to provide ahomogeneous 
feedstock for final onulsificatioa Ihis waspassed5tiniesthrou|jhaMicrofluidizerM110S 
homogenizer (hficroflddics Co., Newton. MA) at -800 psL H© zetapotesolial of the emulsion, 
which is a measure of net surfece diarge, was nieasured on a DELS A 440 SX Zetasizer from 
Coulter and found to be q>proximately + 55 mV. 
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DNA (either 1 mg HIV-1 gpl40 DNA or 0.5 mg of p55 gag DNA, present in pCMV or 
pSINCP) was adsorbed by incubatiaii with tbe submicron emulsion ovetoig^ at 4°C. 



Example 3 

Pre paration of ELVIS Vectors and Other Vector Constructs for Adsorption to Nficroparticles 
Construction of alphavirus-based ELVIS and replicon vectors was performed usiog Sindhis 
virus as a representative example. As will be J5)preciated, the following ma^ be readify ^plied to 
the dravatiaa of vectors from ar^^ alphavirus by one of skill in the art Approximately 10'' BHK-21 
cells WCTe infected with the SINDCdiiron strain of Sindbis virus (ATCC deposit VR-2643, April 
13, 1999) at a MOI of 1 PFU/celL At 24 hours post-infection, after devdopment of CPE, total 
RNA was isolated from the cells using the TRIzol Reagent (GIBCO/BRL) accordi^ 
manu&cturer's instructions. After purificatian, viral RNA was dissolved in nudease-free water, 
aUquoted, and stored at -80'*C for subsequent use in cDNA dosing. 

Synthesis of cDNA was accomplished by PCR amplification, using the primer sets shown 
bdow (Sindbis nudeotide numbering indicated for each primer): 

1 ca^GcnmamiiA^^ 11472-11450 (seq id no:29) 

1.1 CCAC^dlEGftGCCAGATG^ 10364-10381 (SEQ ID NO:30) 

2 CCACAJSCTTCMnCGACCTAC^ 10394-10375 (SEQ ID N0:31) 
2.1 CCACSMnjCATATGGGGAAATC^^ 9614-9634 (SEQ ID NO:32) 

3 CCACA4fiCniOT/^CCTC^ 9648-9630 (SEQ ID NO:33) 
3 . 1 CCACBMZZiGAAGAnAGCACCT 8878-8899 (SEQ ID NO:34) 

4 CCAC^^SniFTACA^ 8908-8887 (SEQ ID NO:35) 
4.1 CCAqfi44772GTCCGATWTC^ 8294-8315 (SEQ ID NO:36) 

5 CCACA3fiCZ7GCGC(XCGAGGAC 8347-8334 (SEQ ID NO:37) 
5.1 CCACeMIZEACTGCCATCTGGAQG^^ 7797-7814 (SEQ ID NO:38) 

6 CCACCZES^ffTlTACCCAACT^^ 7368-7348 (SEQIDNO:39) 
6.1 CCACflASnTSGCGACATTCAA^ 6426-6446 (SEQIDNO:40) 

7 CCACnEfiA0GAACTCCTCCCAATACTCCT^ 6488-6468 (SEQ ID N0:41) 
7.1 CCACSafiCTEGACCnGGAGCGCAATCTCC 5843-5862 (SEQ ID NO:42) 
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8 CCAQ£Zi2SaffrrTCGACGreTCGAGCACC 5900-5882 (SBQIDNO:43) 

8.1 CCAqSflg£Eg3ACCATGGAAGCAATCCGC 4814-4832 (SBQIDNO:44) 

2 CCACCTCSAfiACGACGGGmTCGrCGAft 4864-4845 (SBQIDNO:45) 

9.1 CCACSflSQECACQGAGACAQGCACCGC 4246-4264 (SBQIDNO:46) 

10 CCA(£ZSSafiGATCACTTT(TrTCCT/\^^ 4299-4277 (SBQIDNO:47) 
10.1 CCy\CS3S2jDG»AaCTCCCCT/^TTrCC 3407-3427 (SBQ ID NO:48) 

11 CW:Q]rGA^iamm(mx:CJKC 3464-3445 (SBQK>N0:49) 
11 . 1 CCACSaSOCCCAQGGGATATCATCCTlGAC 2742-2761 (SBQ ID NO:50) 

12 CCAQQES^^CTWTTACTTCATGTCCG 2825-2804 (SBQIDN0:51) 
12.1 C(>\C^SCZeGAAC(H>W\CTATACCACATT^ 1976-1999 (SBQIDNO:52) 

13 CCACrZ^fleCTTCTACllGCTCCTCTTCTG 2042-2023 (SBQIDNO:53) 
13.1 C(M^^ISSIofiGN^£SESrAl(Xm(: 1029-1047 (SEQIDNO:54 

14 CCACOESafiCCGQGATGTACCTQCAC 1069-1052 (SBQIDNO:55) 
14. 1 CCACfi^fiiaCAnGMmiCTAGTACACAC 1-20 (SBQ ID NO:56) 

Piinier pairs 1-5 were used fat doniqg ofthe -virus structural protean genes, v^e pairs 6- 
14 were for the virus nonstmctural protem genes. OHgonudeotides in pairs 1-5 contained 
additional sequences represesoting restriction en^me sites for EcoM and HindSl, wbidi are not 
piesemt in subgenomic RNA of Sindbis virus. Oligonucleotides 6-14 contained sites for iSicI and 
Xhol, vAash. are not present in the whole genome of previously sequenced strains of Sindbis virus 
(these sites are undedine(0. 

Bach reverse transciqrtion (RT) reaction was performed in a 50 pi volume using the 
Siq)erscrqrtII eji2ymB (GIBCO/BRL), according to the manufecturer's instructions. Reaction 
mixtores contained Ifae amount of RNA equrvalait to 10^ cells and 50 pmoles of each primer 
shown bdow. 

Mxturel : primersl, 3 and 5 

Nfixture2: 

Kfixtur^: piimacs 6, 9 aiull2 
Mixtiire4: piimeocs 8, 11 and 14 ' 
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RT reactions were fiozen and tben used subsequently for PGR an^Mcatioa PGR 
reactions were perfoimed using Vent DNA po^onerase (NEB) as recommended by the 
manu&ctuier. Bach 50 pi PGR reaction contained 3 pi of RTnnxtucesd^ 
pmoles of primers. Atotd of 14 reactions weareperfonnedCTablel). 



TABI£1 



Not fragment 


Primas 


NofRTieacdoa 


Length of the fragmeitf (bp.) 


1 


land 1.1 


1 


1128 


2 


2 and 2.1 


2 


800 


3 


3 and 3.1 


1 


789 


4 


4 and 4.1 


2 


644 


5 


Sand 5.1 


1 


670 


6 


6 and 6.1 


3 


962 


7 


7 and 7.1 


3 


666 


8 


8 and 8.1 


4 


1107 


9 


9 and 9.1 


3 


• 638 


10 


10 and 10.1 


3- 


912 


11 


11 and 11.1 


4 


743 


12 


12 and 121 


3 


870 


13 


13 and 13.1 


3 


1034 


14 


14 and 14.1 


4 


1088 



PGR reactions for fragments 1-5 were performed usipg the following conditions: 12 cycles 
of 95*'C for 30 seconds, 56**G for 30 seconds and 74''C for 90 seconds. For fragmearts 6-14, the 
number of cycles was dianged from 12 to 15. A small aliquot of each reaction mixture was 
analyzed by agarose gel electrophoresis to confirm the presence of the fragments-of the rapected 
size. The rmaining reaction mixture was exlracted with 
were precipitated using ethanol 
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For domiig, fiagmeots 1-5 were digested wtthfr/ndm andEcoRI, andtfaealigated 
plasndd pRS2 (pUC19 wilii additional restriction sites in polylinker) treated withtbe sanie 
eozymes. Fragnieaits 6-14 were digested with Skrcl and 

plasndd treated with &ZCI and yiTzoL MrecomUnantplasxnids were transformed ixi^ 
XUl Blue strain (Stiatagene^ La Jolla, CA). 

In addition, cDNA dones representing the subgenonnc promoter region and 3'-end • 
nontranslated regions also were generated using the foUowiog primer pairs: 

YSINIF: 5*-GATrCGGTrACTrCCACAGC (SBQIDNO:57) 
YSINIR: S'.ACTGACGGCTGTGGTCAGTT (SEQIDNO:58) 
YSIN2F: S^-GATCTACTTCCGAGGAACTG (SBQIDNO:59) 
YSIN2R: S'-CCACAAGCTTQAAATGTTAAAAACAAAATmGT (SEQIDNO:60) 

Positive colonies for eadi transformation were grown for plasmid purification using a 
QIAGEN kit according to the manufecturer's instructions. The fragments, designated pl-pl4 
correspondingly, were then assembled into the appropriate vector configurations. 

The constructiQn of a Eukaiyotic Layered Vector Initiation System (ELVIS) and an 
a^ihavinB vector construct for in vitro transcription of repficon vector RNA was acco^^)lishBd 
nfan g the SindWs virus cDNA dones pl-pl4, phis the subgenomic and 3'-end region ftagments as 
follows. AaApcHrMscI fi-agment, containing the pronaoter for SP6 RNA polymerase and start of 
the Sindhis virus gmomic RNA, was Kgated wilh the A&cI-JBtol firagment of doned fragment 14 in 
^palvSirf digested plasmid pRS2. The resuWpg plasndd was named pl5. Next, the SacI-EfcoRI 
fragment of p8, the EcdBI-Nsa fragmait of p7 and the NsOrXhol fiagmfint of p6 were Hgated into 
fccIrXftoI digested pRS2. The resulting plasmid was named pl6. Next,fliejSacI-AfunIfiagment 
of pl2, i^Mtml'Nhel fragmeaat of pll and thei«teIvS!ZioI fiagment of plO were Kgated into filocl- 
AAoI digested pRS2plasmii The resulting plasmid was named pl7. The^pal-^poLIfi^ginent of 
pl5 and li^ApdH-Xhol firagment of pl3 lhai were Hgated into Apal-Xhol treated pRS2, resdting 
in the plasmid named pl8. Next, the>4paI-iS&iI fragment of pl8 and Ihe J\&fl -A/ioI firagment of 
pl7 were Hgated together ini4/?aI-^oI treated pM^ The resulting plasmid was named pi 9. 
Knalty, 1he4pal-u4vrn fragment of pl9, the-rfvrll-Sifl/Ga fragment of p9 and the SaMrBamHL 
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fiagmeoot of pl6 were Ugated together into a previous^ constracted Sindbis replicon vector 
expresangtt® GFP reports (see Dubensky et aL, J. Virol 70:508-519, 1996; Polo et aL, 1999, 
tbid\ and U.S. Patent 5,843,723X that had beea digested widi^pal-PamHI to remove the sdstix^ 
ziQXistnictural protein geaes. llxeresidtiDgSiiidbis vector constnict,^^ 
derivedfbmtlieSIbQ^Cdiironvinis strain ai^ was designated 

SINCR-OEP (also known as DCSP6SINg^). Preparation of repticon KNA fiomlhis reporter 
construct, as well as Sindfais vector constrocts expressing various other heterologous sequences 
(e.g., antigens, described in the specification and bdow) was peijforniBd by linearization of the 
DNA using Anel, followed by in vitro transcdption using bacteriophage SP6 pofymerase as 
described previously (Pob et aL, ihid\ Dubenskjr et aL, ibid). 

^ Sindlarljr, the same Sindbis sequences were used for assemb^ into an a^ihavirus-based 
Bukaiyotic Leered Vector Initiation System (see U.S. 5,814,482 and 6,015,686), in which the 
transaction of seif-anpHi^dng vector RNA takes place directly whhinBLVIS plasmid DNA-* 
transfected eukaiyotic cdls via a eukaiyotb promoter (ag., RNA polymerase n promoter). An 
ELVIS plasrcdd DNA, ^ch also cxptessed. GPP reports, was ccastmcted by replacing Sindbis 
virus derived sequences in an existing ELVIS vector with the corresponding SINCR-GFP 
sequences from above. Starting with the previously described ELVIS vector pSINl .5 (Hariharan 
et aL, /. Virol 72:950-958, 1998), the plasmid backbone first was modified by substituting the 
plasmid backbone wifli that firom pCMVIink (zur Megede et aL, J. Virol 74:2628-2635, 2000) 
using two Sad sites found in each plasmid, to generate the intermediate construct known as 
ELVIS1.5CB. Next, one of the two Sad sites of ELVIS1.5CB Qocated adjacent to the SIN 3'- 
end) was eliminated by partial^ digesting with Sad, bhmt-ending using T4 DNA pofymerase, and 
then ligating into the modified srt^ aPwel linker 5'-GTTTAA^C-3'. The correct plasmid without 
the targeted Sad site was designated ELVIS1.5CBd]Sac. This intennediate plasmid then was 
prepared for insertion of flie new SIN nonstructural protein genes by digestion with Sad and Xhol. 
The corresponding nonstructural genes were obtained by PGR amplification from SINCR-GFP 
using the oligonucleotide primers 

5*CCTATGAGCrcGTTrAQTGAACCGTAT^ (SEQ ID N0:61) 

and 5'CCrATCTCGAGGGTGGTGTTCrrAGTA^^ (SEQ ID NO:62). followed by 
digestion with &zcl and Xhol^ and ligation, to produce &e intermediate construct SINCP-Not 



57 



wo 02/26209 



PCT/USOl/30540 



FioaO^, one of Hie two JVb/I sites preseat in Hm construct was etiminated by partial digest and 
Klfinow fill-in, to leave onty one JVbfl site m the pofyB^ This newfy constructed ELVIS vector 
was designated SINCP (or pSINCP). 

Insertion of heterologous sequences antigeorencoding genes) into the SINCSl or SINCP 
a^avirus vectors is perfonned pximatily by digestion mSiXhoVNoa oiXhollXbdl, foEowed ty 
%ation with a desired DNAfragmoit that also has JaoI/JVb^ Altemattvdy, 
these sites may be blunt-ended or other polylinker sites may be used (or other heterologous 
sequences may be replaced) to allow domng of a greats- number of inserts. For exan5)le, the 
HIV-1 p55gag (SF2 strain) and gpl40 eaiv (SF162 strain) encoding genes were inserted into these 
vectors. Specifically, the codon-optimized HIV pSSgagmod sequence {see commonfy owned U.S. 
Patent Application 09/475,515; zur Megede et al, ibid) was inserted by digesting the vectors with 
i3iol/^alairiligatinginthep55gagniodfi:agmentobtam The 
resulting vectors wra-e designated SINCR-p55gag and SINCP-p55gag. Similarly, codon-optimized 
HIV gpl40 sequences (described in Example 10 and Bamett et aL, 2001. 1 ViroL 75:5526-40), 
were inserted into both the SINCR and SINCP plasmids to goierate the constructs SlNCR-gpl40 
and SINCP-gpl40. Formulation of aVIS plasmid DNA (pSINCP) and RNA vector repEcons 
transacibed tn vitro firom the SINCR plasmids is perfonned as described dsewhere in die 
Exan^Ies. 

TmnnnniTirfl^ phfts^iy; Marji rpies whfa 
Antigen wifli nCMV or pSlNCP PlasmtdQ 
nsinp Microparticles o r Suhnricron emulsions 
PLGpo^rmer micropartides and MF59 submicron emulsions were formed as described 
above in previous Etan^les 1 and 2. Groups of micropartides and submicron ftmi^lgir>!is were 
made in order to analyze the difieroot effects of immunizipg rhesus macaques with aplasmid vector 
construct, pCMV- gpl40 or pCMV-p55gag {see common^ owned U.S. Patent >^lication 
09/475,515), on nnaoparticles or in a submicron eooulsion, as well as centering the effect of using 
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an ELVIS plasmid, pSINCP-gpl40 or pSINCP-p55ga& constructed as described abova Six 
groups of animals were imnamized wtth different fonnulfltions as folbws: 

Groiq> 1 used pCMV- gpl40 and pCMV - p55 gag williout miaopaitides ox submicron 
emulsions. 

Group 2 used pCMV- gpl40 and pCMV - p5S gag adsorbed on PLG/CTAB 
micropaitidles. 

Group 3 used pCMV- gpl40 and pCMV - p55 gag adsorbed to an MF59-DOTAP 
subniicron emulsion. 

Groi^ 4 used pSINCP*- gpl40 and pSINCP - pSS gag without nncropartides or submicron 
emulsions. 

Group 5 used pSINCP- gpl40 and pSINCP - p55 gag adsorbed on PLG/CTAB 
micropatticles. 

Group 6, a control, used no antigen, no microparticles, and no submicron emulsions. 

For eadi groiq) of animals, 5 iliesus macaques (onfy 4 for groiq) 6) were immunized with 
sufficient quantities of material such that the dosage of vector widx gpl40 DNA was 1 .0 mg each, 
and vector containing p55 gag DNA was 0.5 mg each, except for the control which had n^^ The 
animals were jmrnimiTed a second time four weeks after tl^fbrst immunization, and atfaird time 14 
weeks after the first immunizatioa Serum was anafyzed at weeks 2 (2wpl), 6 (2wp2), 11-12 
weeks (7wp2), and 16 (2wp3). Tlie route of immunization was IMTA Following immunizations, 
plasma anti-p55gag and anti-gpl40 IgG titers were measured, the results of wfaidi ^pear below in 
Tables 2 and 3 as geometric mean titers. 
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TaMe2 



Semm IgG Titer for anti-p55 gag 
(Geometric Mean) 


Group 


FonnofDNA 


2tvp1 


2wp2 


7wp2 


2wp3 


1 


PCMV in salme solution 


7 


19 


19 


118 


2 


PCMV adsoAed on 
PLG/CTAB partides 


490 


10770 


4360 


1637 


3 


PCMV adsoibed on 
MP59/DOTAP emuJsioo 


142 


5702 


1480 


3536 


4 


pSINCP in saline solution 


8 


7 


8 


45 


5 


pSINCP adsorbed on 
PLG^CTAB particles 


728 


19256 


3426 


856 


€ 


none 


12 


9 


8 


7 



Tables 



Serum IgG Titer for anti-gpl40 
(Geometric Mean) 


Group 


FonnofDNA 


2wpl 


2wp2 


7wp2 


2wp3 


1 


pCMV in saline sohitian 


5 


517 


81 


2460 


2 


pCMV adsoibed on 
PLG/CTAB particles 


5 


2762 


5290 


1913 


3 


pCMV adsorbed on 
MF59/DOTAP emulsian 


5 


564 


112 


4823 


4 


pSINCP in saline solution 


8 


48 


20 


70 


S 


pSINCP adsorbed on 
PLG/CTAB partides 


15 


11289 


4266 


1002 


€ 


nouB 


12 


14 


11 


11 



The same groiq) of ammals as was used for &e preceding atmnals were msiyzGd for 
induction of a CTL response. Hie effector to target (E:T) ratios ranged from approximately 4: 1 to 
100:1. Hie results ofthe CTL assay ^pearbdow in Tables 4 and 5. A"responder"isadiesus 
macaque vMch showed 10% or more specific lysis of the target at two or more consecutive B:T 
ratios. 
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TaUe4 



Nnm 


b«r of Respond 


len(pS5eae> 


Group 


FoimofDNA 


2wpl 


2wp2 


7wp2 


2wp3 


1 


pCMV in saliae sohitioiL 


0 


4 


1 


4 


2 


pCMV adsorbed on 
PLG/CTAB partides 


3 


3 


2 


3 


3 


pCMV adsorbed on 
MF59/DOTAP emulsion 


0 


1 


1 


0 


4 


pSINCP in saline solution 


0 


1 


0 


0 


5 


pSINC? adsorbed on 
PLG/CTAB partides 


0 


3 


1 


1 


6 


nODB 


0 


0 


0 


0 



Table 5 



Number of Responders (epl40) 


Group 


FonnofDNA 


2wpl 


2wp2 


7wp2 


2wp3 


1 


PCMV in saline solution 


0 


0 


0 


0 


2 


pCMV adsorbed on 
PLG/CTAB partides 


0 


0 


0 


0 


3 


pCMV adsorbed on 
MF59/DOTAP emulsion 


0 


0 


0 


0 


4 


pSINCP in saline soMon 


0 


0 


0 


1 


5 


pSINCP adsorbed on 
PLG/CTAB partides 


0 


1 


0 


1 


6 


none 


0 


0 


0 


0 



He same azximals were also anafyzed for fyirphoproliferatioa Uus assay ineasures specific 
pioli&ratioii of T cells in vitro in response to restimulation with antigen. Rhesus macaque 
peripheral blood monDniiclear cells (PBMC) were purified firomhqjarimzed -whole blood by 
centrifugadon on RcoD-Hypaque gradients. PBMC were cultured at the number of 2 x 10^ per 
well in fiat bottom microtiter plates in the presence or absence of 3 imcrograms/ml of purified 
recombinant p55gagproteia Six replicate cultures per condition were initiated. Afier4d^s pf 
culture tiitiated1l5midine([^TdR) was added (linic^ Chdtures were contpuied 

overnight and harvested the following d^. Cells were deposited onto glass niicrofB)er filter sheets. 
Filter sheets were exposed to sdnttQation fluid and counted in Hguid scintillation counter. For 
eadi condition [^TdR incorporation, measured as the mean counts per min (qpm) for the 6 
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replicates was calculated The results appear bdow in Table 6. Geometric Mean Stimulation 
Index (GNKI) is calculated as counts per minute (cpm) of p55gag stkmiated cells divided by cpm 
of unstimulated cells, thus, the larger the GMSI, the more positive the result. 



TaUe6 



GMSI 


Group 


FonnofDNA 


2wpl 


2wp2 


7wp2 


2wp3 


1 


PCMV in saline solution 


2.6 


5.1 


3.0 


3.2 


2 


pCMV adsoibedon 
PLG/CTAB particles 


6.6 


15.4 


5.9 


4.6 


3 


pCMV adsorbed on 
MFS9/D0TAP emulsicni 


9.1 


29.5 


13.6 


10.5 


4 


pSINCP in salinB solution 


7.5 


6.6 


4.1 


4.3 


5 


pSINCP adsorbed on 
PLO/CTAB paitides 


10.4 


13.8 


5.4 


4.4 


6 


none 


1.4 


1.5 


1.3 


1.2 



The same animals were also analyzed for induction of intraceDular cytoldne production. 
Uns assay measure specific production of cytokines by T cells in vitro in response to brief 
lestimulatian whfa antigea Rhesus macaque peripheral blood mononuclear cells (PBMC) were 
purified firomheparizbed wliote blood by centriffagatjon osx FicoU-Hypague gradients. Aliquots of 
1 X 10^ PBMC were stfamdated widi apoolof symhetic ovedapping peptides that span the gag (or 
env) protein sequence in Ifae presence of a co-stimulatory anti-CD28 monoclonal aa&ody. 
BreMdin Awas added to alio wdie accumulation of nev^ synthesized cytokines wilfain ceOs. 
ARes ovem^ incubation PBMC were stained with commerdally availahle, fluoiesceotly labeled 
monoclonal antibodies fin: fhe presence of intiacdhilariDterierQnr7(n'N-7) and tumor nec^ 
&ctorKiClM''-a) and for ceil surfitceCD4 and CDS niarkers. Stained cell sanQ>Ies were ana^^ 
on a flow cytometer and data were acquired fi)r approximate!^ 50,000 - 100,000 PBMC. The 
firequency of (^tokine-positiye cdls was detennined for each sanqple using commerciaOy avaflaihle 
software. The results for gpl40aiidp5Sgag are shown in Tables 7 and 8, respective^. The Tables 
show the number of responding animals, where a responder is defined as an animal scorii^ greater 
than 1 00 CD4 cells per 1 00,000 expressing TNF-a and IFN- y as measured by intracdhilar 
staimog. 
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TaHe7 



gpl40 cytokine responden 


Group 


FonnofDNA 


2wp2 


7wp2 


2wp3 


1 


jiCMV m saline solution 


1 


0 


0 


2 


pCMV a&oibed on 
PLG'CTAB particles 


1 


2 


0 


3 


pCMV adsorbed on 
MFS9/D0TAP emulsion 


0 


0 


0 


4 


pSIKCP in saline solution 


0 


0 


0 


5 


pSINCP adsorbed on 
PLG/CTAB partides 


0 


1 


0 


6 


None 


0 


0 


0 



Tables 



pSSgae cytokine responders 


Group 


FoimofDNA 


2wp2 


7wp2 


2wp3 


1 


pCMV in saline solution 


0 


0 


0 


2 


pCMV adsorbed on 
PLG'CTAB partides 


2 


1 


0 


3 


pCMV adsorbed on . 
MFS9/D0TAP emulsion 


0 


0 


0 


4 


pSINCP in saline solution 


0 


0 


0 


S 


pSINCP adsorbed on 
PLG/CTAB partides 


1 


I 


0 


6 


none 


0 


0 


0 



Exanople 5 
RNA Vector Constructs 
RNA vector constructs (e. g., replicons) be adsorbed to mic^opartides for ddiveiy of 
heterologous nucleic add sequences to the cells of animals. Ihe RNA vector construct generally 
comprises a viral SNA "wfaichhas had aregion of the genomic RNA (e.g., structural protein gene) 
replaced with the selected heterologous sequmce, deiiyed from Ihe DNA coding sequence for the 
gene-product of interest. Rqnresentative exanqdes of RNA vector constructs indude^ but are not 
fimited to, alphavirus KNA vectors (see for cmnple, US Patent 5843723, PCT publication WO 
99A8226, and Polo et aL, 1999, PNAS 96:4598-4603), picomavirus RNA vectors (see for 
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exaiBple, US Patent 6156538, and Vigmuai et aL, 2001, J ViroL 82: 1737-47), flavivirus RNA 
vectois (see for exas^le, Vaniavski et aL 1999, Virology 255:366-75), and rubrvirus BNA vectors 
(see for exaxx^de, Pugacbev et aL, 2000, J ViroL 74:1081 1-5).KKA. vector constructs for use in the 
present invention geaaera% may be obtained fromplasmd cDNA constrocts as & source of starting 
material, by tiie standard process of in vitro transcaqition (see references above). Sixmlad/to 
plasmid DNA, these KNA vector constmcts then xna^ be adsorbed to micropartides of the 
inventicm as described elsevAerein the exanoples . For exa^^de, Ifae RNA vector constructs are 
ads orbed onto the imcroparticiles hy incubating 1 00 xog of cationic micropartides in a 1 mgM 
solution ofDNA at 4°C for 6 far. 11ienBcn)partides are then separated by ceatri&gation,th^ 
pellet washed "witfaTB buffer, and the xmcroparticles freeze Recoostitutionanddeliveiy of 
tiie PLG*fi)nnuIated KNA vector constructs is similar to tbat described for DNA, using for 
example at least 1 ug, 10 ug, lOOiig, or 1000 ug of formulated RNA vector construct for dehveiy. 

Example 6 
Adjuvants in Mice 

An Gsspeinnisat with mice was petformed to analyze the efifect ofthe adjuvant abrnhmm 
phosphate (ahmO in mice. Polymer micropartides were prepared as above described with or 
without pCMV-p55gag adsorbed Ihereoa 10 micrograms of DNA, whether naked or adsorbed to 
the PLG micropartides was injected in grovps of 6 CB6 Fl mice on weeks 0 and 6, without or 
without alum Ihe results, as geometric mean titers of antibody, are shown below in Table 9. 



Table 9 



Serum IgG Titer for anti-p55 gag 
(Geometric Mean/Standai^ Error) 


Group 


Form of DNA 


3 weeks 


6 weeks 


9 weeks 


12 weeks 


1 


pCMV in saline solution 


28 


149 


6238 


5274 


2 


pCMV adsorbed on PLG 
micropartides 


5022 


21992 


346856 


171301 


3 


pCMV in saline solution 
plosahnn 


1536 


3039 


195070 


92438 
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RectroDoration wWi Nficropartides and ELVIS Vectors and RNA Vector Copstmcts 

Electroporationxnay beiisedinconibinflt^ or submicraa 

omulsion micropartides made vnSi any of the nudeic adds described abovei, sudi as plasmid DNA^ 
ELVIS vectors, and RNA vector constructs. 

S^^eS 

An expeiimoxt was performed to determine "flie efiEect of priming with DNA and boosting 
wifli protein adsorbed to PLG micropartides. Particularl3r, PLO-SDSn&aopartides were 
prepared as descnbed above and in commonly owned International patent iq[yp]ication 
PCT/US99/17308, and purified recondbinant pSSgag protein was adsorbed tbereto. A groiqp of 
animals was immumzed whh 1 mg pCMV-p55gag. The animals were immunized again at 4 weeks, 
then again at 8 weeks. The animals were boosted with p55gag protein adsorbed to PLG 
nncropartides at 41 weeks. The results are shown in Table 10 below, wMdi shows antibody tit^ 
for responders, inductioB of helper T cell fymphoproliferation (mean stimulation inden of 
responders), and induction of CTL (number of responders, based on greater tiian 10% lysis at tv^o 
or more consecutive E:T ratios). Results were measured at 14 weeks post 3^ prime for the prime 
cotumns, and 2 weeks post boost for tte boost columns. Numb^ in parentheses indicate Ifae 
number of responders out of a total of 4 animals. 



Table 10 



Vaccine 


Antibody Titer 


Lymphoproliferation 

(SD 


CTL 


prime 


boost 


prime 


boost 


prime 


boost 


prime 


boost 


pCMV- 
p55gag 


PLG/ 
pSSgag 


44(1) 


.1777(4) 


2.5(2) 


21.8 (4) 


4 


4 
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Example 9 
Induction of Neutralizing Antibodies 
The sera fiomtfae diesus macaques in Exan^Ie 5 above were tested for inhibition of two 
difiereotHIV-l strains (SI2 and SF162)ustQgPMB&grown virus stocks and a 
CCRS+/(IX(3l44yciM+Tcdlline based assiQT. Sera were used at a dilution of 1:20. Uhibitoiy 
activity was measured and esq^ressed as a percentage ii^ llieinhibitoiy activity of the 

fminwk' fiwn prinr tn imnnnTnTftfirwg wflfft giihtrflfltef! frmw -tfifl TflmiltR finr Mrh smrnml ThereSUltS 

for eadioflhe five animals in each group aro shown in Table 11 beilow. 



TaHell 



Percent bihibitifm 


Group 


FonnofDNA 


HIV-lsFi 


HIV-18F162 






2wp2 


2wp3 


2wp2 


2wp3 


I 


pCMV in salme soludaa 


0 


0 


0 


0 






0 


0 


0 


17 






0 


8 


0 


0 






0 


0 


0 


12 






0 


0 


0 


52 


2 


pCMV adsorbed on 


58 


40 


3 


0 




PLG/CTAB paitidBS 


0 


41 


6 


0 






0 


0 


0 


0 






72 


79 


0 


0 






4S 


61 


11 


10 


3 


pCMV adsorbed on 


0 


100 


0 


0 




MFS9/D0TAP emulsioa 


b 


0 


0 


0 






76 


100 


3 


4 






81 


100 


0 


0 






15 


93 


0 


0 


4 


pSINCP in saline solution 


0 


0 


0 


0 






0 


0 


0 


0 






0 


0 


12 


1 






0 


0 


0 


0 






0 


0 


16 


0 


5 


pSINCP adsorbed on 


73 


50 


19 


0 




PLG/CTABpartides 


43 


0 


29. 


0 






91 


0 


4 


0 






69 


0 


32 


6 






91 


23 


not available 


0 
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Example ^0 

Plasmids encoding HIV-1 p55gag and gpl40eD.v driven 1^ Ifae human cytom^galowus 
(CMV) proxnoter were grown in EscherU^ coli strain DH5a, purified using a Qiagen Bodofree 
Plasmid Giga kit ((^agen. Inc.), and lesuspoided in 0.9% sodium diloride (Abbott Laboratories, 

North C3ucagOy SL). The pTMV Vftrinr iigflH cfintiimg thft 4mmftftigtft,fl5iTTy flnTmnrftr^^^^i^r t\f 

CMV and a bovine growth honnone teaninator and is described in detafl dsewfaere (Chapman, B. 
S., et aL 1991. "Bflfect of intron Afiromhuman cytomegalovirus (Towne) immediate-earfy gene on 
heterologous espession inmannnaUan ceils." Nucleic Adds Res. 19:3979-86). The HIV gag 
plasmid DNA vacdne (pCMVgag) contains a synthetically constructed pSSgag gene, wi& codons 
reOecting nwmmalimi usage, derived fi:om1he HTV-l SF2 strain as previously described (zur 
Megede, I, et al 2000. 'Incieased esqnression and immunog^dty of 5equenc&-modi&ed human 
imraunodefidenq^ virus type 1 gag gene." J ViroL 74:2628-35). The HIV env plasmid DNA 
vacdne (pCMVgpl40) consisted of a human tissue plasminogen activator (tPA) signal sequence 
> and the gpl40 from HIV-1 SFl 62 strain, codon optimized for Mg^ levd e^esdon in mflmmflHan 
cdls (Bamett, S. W., et 2001. "The abQity of an oligomeric human immunodefidency virus type 1 
(HTV-l) eavdope antigen to elicit neutralizing antibodies against primaiy HIV-1 isolates is 
inq)roved foDowing partial deletion of Ihe second hypervariaWe region.'* J ViroL 75:5526-40). The 
SINCP plasmid vector with either HTV-l p55gag or gpl40env has been described in Esanple 3 
above. 

Egample 11 
Preparation of Proteins 
Theprotdn and cDNA sequences for the gpl60eav.SF162 have been published in Cheaig- 
Mayer, a, M. Quiroga, J. W. Tung, D. Dina, and J. A Levy. 1990. *Viral determinants of human 
immunodefidency virus type 1 T-ceiQ or macrophage tropism, cytopathogenidty, and CD4 andgen 
nK>dulation.'' J Virol 64:4390-8. These sequences can be found under Genbank accession number 
M65024. Recombinant HTV-l gl40.SF162(dV2) protdn was expressed in Chinese hamster ovaiy 
cells and purified as previously described (Bamett. S, W., BT. 2001. J ViroL 75:5526-40). 
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Recomhinant HIV-1.SF2 p55 gag protein was e>q)ressed in yeast and purified by cation exchange 
chromatography (C3hdron Corporation, Emeiyville, CA). Th& p55gag cDNA sequHice firomtiie 
SF2 strain of HTV-l (Genbank accession number K02007) was cloned into a ubiquitin ejqwession 
vector, resultmg in the addition of g^dne and arginine to the N-tenninus of the wild-type 
sequence. The recomhinant p55gagproteh was extracted fix)m the yeast c^ 
phosphate, 6M urea, pH7.9, followed by S-fiactogd (cationic) ion exchange diromatograpfa^, 
EhitionofthepSSgag was obtained with a linear NaO gradient (peak Hie 
estimated purity was 90% fay SDS-PAGE. 

DNA-adsorbed polvfl actide-co-plvcolidel PLG micropartides 
PLO po^oner (RGSOS) was obtaioed from Boehdnger IngdheiDi Cationic micropartiGles 
were prepared using a modified sotvent eviporation process. BrielD^, the micropartides were 
prepared by emulsi^nQg 1 0 ml of a 5% (wt/vol) pofymer sohxtion in methylene chloride wilhl ml of 
phosphate-buffered saline (PBS) at fai^ speed using an The primacy emulsion 

was fiien added to 50 ml of distilled water containing cetsitzimethylananonhnn bromide (CTAB) 
(0.5% wt/vol)^ resulting in the formation of a watar-inrGfl-in-water emulsion, ^cfa was stirred at 
6,000 rpm fi)rl2 h at roomtenq)erature, allowing the metlQrlene ddoride to evaporate. Hie 
resulting micropartides were washed twice in distiDed water by centrifiigation at 10,000g and 
fi:eez&-dried. Plasmid DNA fix>m Example 1 1 was adsorbed onto the micropartides by incubating 
100 mg of cationic micropartides 5ml of a 200 niicrogram/ml solution of DNA at 4*'C for 6h- The 
micropartides were then separated by centrifiigadon, the pellet was washed vnSix TB (Tris-EDTA) 
bu£fer, aixd the micropartides were fireeze-dned. 

Example 13 
Protein-adsorbed PLG miCTopartides 
Blank micropartides were prepared by a solvent ev^oration tedmique. Briefly, 
micropartides were prepared by homogenizing lOml 6% wAr potymer solution in methylene 
chloride, with 40 ml of distilled wato^ containing SDS (1 % w/v) at hi^ speed using a 1 0mm 
probe. Ibis resulted in an oil in wat^ emulsion, which was stirred at 1000 rpm for 12 hours at 
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roomtet]:q)erature, and the methylene cbloiide was allowed to evaporate. The resulting 
rdcroparticles were filtered tbroxig^ a 3 Sum mesh, washed 3 times in distilled water, and freeze- 
dned. The size distribution of the nicroparticles was detennined using a particles size analyze 
(Master sizer, Malvern hastruments, UK). 

5Qmg lyophilized SDS blank partides were incubated with O.Smg of p55 gag protein from 
Bxan^le 12 in 10mi25niM Borate buffer pH9 with 6M Urea Partides were left on alabrodcer, 
(Aliquot mixer. Miles labs) at roomte!Dq)erature for 5 hours. The micropartides were separated 
from the incubation medium by centdfugation, and the SDS pellet was washed once with Borate 
buffer wifli 6M Ifrea Iben tibree limes with distnied water, an^ 

Ibe loading levd of protein adsorbed to ndcropartides was detennined by dissohiiig IQmg 
of ^ micropartidBS in2^ of S% SDS-0.2M sodinmb^droxide solution at roomteniperature. 
Protein oonceotration was measured by BCA protein assa^ (Pierce, Roddferd, Illinois). The Zeta 
potesotial for both blank and adsorbed xmcropartides was measured using a Matvem Zeta anafyzer 
(Matvemlnstniments, UK). 

Preparation of Protein wrifa MF59 Adjuvant 
Recombinant HTV-l gl40.SF162(dV2) protein fromBxan^le 12 was combined with MFS9 
adjuvant as previous^ descdbed (Bamett, S. W., et 200L J Virol 75:5526-40). 

Male and female rhesus macaques were housed at Southern Research Institute Q'^ederick, 

MD). 

Plasmid DNA immunization was performed at weeks 0, 4, and 14. Rhesus were givai 
intramuscular injections of 0.5 mig of pCMVgag from BmnplQ 1 1 (in saline or formulated with 
PLG/CTAB micropartides as desaibed in Example 13 or formulated with MF59/DOTAP as 
described in Example 2) and 1.0 mg of pCMVenv from Example 1 1 (in saline or formulated with 
PLG/CTAB micropartides as described in Example 13) at 4 separate sites pa: animal (0.25 mg 
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pCMVgag in Tapper rigjitann and i?>perii^ 0.5 n^pCMVenv mumper left ann and 
left leg), Mematweily,±esus were given into 

Exanqfle 11 (in saline or fonnulated wiih PLG/CTAB microparticlfis as desaibed in Example 13) 
and 1.0 mg of pSINCPenv fiomBxample 1 1 (in saline or fonnulated vnOi PLG/CTAB 
ndcFopartides as described in Example 13) at 4 sq>arate sites per animfli 

Rhesus were boosted by intramuscdar injection of 0.2 noig recomhiDant p55gag proteio^LG 
micropartides from Exanq)le 14 at week 29 and with OAwg recombinant gpl40eQv(dV2) 
protdD/MF59 adjuvant fromBxas^ile 15 at week 38. 

;feanylel6 
Antibodv responses 

At various times fonowing immunization, heparimzed Wood was coflected from anesthetized 
animals and plasnm was recovered by cQitrifugatioii Anti-H^ 

measured by en2yme-linked immunosorbent ass^ (EUSA) as follows. Wells of microtiter plates 
were coated with recombinant HIV-1.SF2 p55gag protdn or recombinant HIV-1.SF162 gpl40env 
protein at 5 microgramM in PBS, 50 microliters per weD, and incubated at 4°C ovemi^t The 
plates were washed six times with wash buffer (PBS, 0.3% Tween 20) and blocked at 37°C for 1 h 
wilh 200 nricxoliters per wdl of blocking buflEer (PBS, 0.3% Tweea 20, 5% goat serum). Test 
san5)les were diluted 1 :25 and then serially ditated threefold in blocking buffer. The Uock solution 
was aspirated, and then the plates were incubated at room ten?>erature for 1 h with 70 microliters 
per well of eadi plasma dihition. After being washed six times, the plates were incubated for 1 h at 
37'C with horseradish peroxidase-ooipgated anli-IgO (1:8,000 dilution). Following sk washes, 
the itoes were devdoped with TMBsnbstcale The reaction was stopped with 2N 

HQ and the optical densities (OD) measured at a wavdengtfa of 450 ma Hie titer was calculated 
to be the redprocal of the dilution at whidi an OD450am of 0.5 was adneved. 
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Table 12. Rhesus i\xiti-gag plasm aiitibody titers 









Pre 


2 

post 
Ist 


2 

post 
2iid 


7 

post 
2nd 


2 

post 
3rd 


6 

post 
3rd 


10 

post 
3rd 


13 

post 
3rd 


2 

post 


protem 


irjasnuxi LINA. 






A 
U 




D 


1 1 
1 1 


16 


20 


24 


27 


31 


pCMV«pS5gsg 




UCO 




£ 

D 


10 




IIS 


66 


91 


41 


1684 








5 


5 


8 


8 


68 


32 


60 


22 


955 










Q 
O 


42 


41 


206 


133 


138 


78 


2971 






























ffnf*fin 
\JISvItmUi 


5 


490 


10770 


4360 


1637 


550 


349 


286 


9968 








J 




6672 


2325 


970 


340 


190 


188 


7370 








g 




17384 


8179 


2762 


890 


642 


435 


13484 


























DCMV-DSSsaz 


KaFS9/DOTA 
P 


Geo mean 


7 


142 


5702 


1479 


3536 


1481 


1183 


854 


2126 






IL 


5 


35 


2275 


577 


1158 


535 


478 


235 


468 






UL 


9 


568 


14293 


3796 


10797 


4098 


2931 


3103 


9664 


























pSINCP- 




QeomBan 


6 


8 


7 


8 


45 


24 


42 


32 


1003 






LL 


5 


5 


5 


5 


18 


13 


23 


14 


386 






UL 


8 


11 


11 


13 


114 


46 


78 


72 


2606 


























pSSgw 


PUa/CTAB 


Geomeaa 


8 


728 


19256 


3427 


856 


489 


648 


687 


23543 






LL 


6 


635 


10711 


2259 


596 


331 


431 


396 


13750 






UL 


11 


835 


34619 


5199 


1229 


723 


975 


1194 


40312 


























1)000 




Geo mean 


9 


12 


9 


8 


7 


7 


8 


8 


7 






LL 


6 


7 


5 


5 


5 


5 


5 


5 


5 






UL 


13 


19 


16 


14 


9 


11 


14 


141 9 



0) Pj>1«*™ m j^lflgmi H ^ffiiimwitinng Ame at-weefeft 0^ 4, and 14 

^ GeomBtdc nuBanfor ibe gcoip 

9>Gn)iq) anttnuBtic means and stEmdanlea^ calcuIatBdfiombg-liaDS&anedlito LL- aiitilpg (anfimiiBtiBmeBn 
standard eocRU'). UL ° sntilog (anQinielicmBaQ standard QExor]) 

^ RBcambinaiitp55gag protein adsorbed to amomc PLG microparticles admimstoed at iweek 29 
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TaUe 13. Rhesus Anti-env plasma antibody lit^ 







Time»^ 


Pre 


2 

iMcs 
post 
Ist 


2 

post 
2nd 


7 

pos^ 
2nd 


2 

post 
3rd 


6 

post 
3rd 


10 

post 
3id 


13 
v/ks 
post 
3rd 


17 
v/ks 
post 
3rd 


23 
wks 
post 

3rd 


2*vvks 
post 
protei 
n 


8'V^te 
post 
protei 


Flasanid 
DNA 


FotmuMo 
n 


Wee3c 


0 


2 


6 


11 


16 


20 


24 


27 


31 


37 


40 


46 


pCMV- 
gpl40ea37 


saline 


Geo 
mean?^ 


5 


5 


589 


81 


2460 


342 


30 


26 


24 


13 


35807 


17926 






LL^^ 


5 


5 


273 


32 


1703 


227 


10 


9 


9 


5 


28151 


14079 






tJL^^ 


5 


5 


1272 


202 


3555 


515 


94 


72 


69 


31 


45544 


22824 
































pCMV- 
gplAOem 


PLG/CTA 
B 


Geo 


6 


5 


3200 


5290 


1913 


236 


261 


43 


42 


29 


27939 


13992 






LL 


5 


5 


1306 


2430 


879 


87 


201 


18 


17 


13 


18016 


9019 






VL 


8 


5 


7841 


11515 


4163 


640 


338 


105 


101 


64 


43329 


21707 
































pQvTV- 
gpl40en7 


MF59/DO 
TAP 


Geo 
mean 


7 


5 


659 


112 


4823 


589 


258 


223 


171 


121 


5698 


3301 






LL 


5 


5 


176 


51 


2125 


169 


90 


79 


64 


48 


972 


645 






UL 


9 


5 


2461 


248 


10946 


2052 


742 


630 


451 


304 


33409 


16903 
































psn«icap- 

gpl40en7 


saline 


Geo 


6 


5 


44 


20 


70 


36 


12 


12 


14 


12 


15294 


7660 






LL 


5 


5 


12 


8 


13 


10 


5 


5 


5 


5 


7853 


3931 






UL 


8 


5 


168 


49 


366 


127 


31 


30 


37 


31 


29787 


14926 
































pSINCP- 
gplAOesm 


PLG/CTA 
B 


Geo 
mean 


8 


15 


8735 


4266 


1002 


228 


20 


33 


18 


15 


33801 


16921 






LL 


6 


8 


5015 


2817 


656 


152 


8 


15 


8 


8 


27002 


13521 






UL 


11 


30 


15214 


6459 


1531 


341 


46 


74 


38 


31 


42313 


21175 
































OQDB 


none 


Geo 


9 


12 


11 


11 


11 


11 


11 


11 


10 


13 


12 


12 






LL 


6 


5 


5 


5 


5 


5 


5 


5 


5 


5 


5 


5 






UL 


13 


28 


23 


25 


26 


24 


22 


25 


22 


32 


29 


30 



RdativB toplasmid immunizaticDDS done at weeks 0, 4, and 14 



^GroiyariBnnctio means and standard eggracalc^^^ LLBantilogCaiiflmiBticniean- 
standard ecnor). UL^anlil0g(BidlBnet3c mean 4* standard eaor) 
RBOomhinant digometic gpl40envC&V2) protBiii^4FS9 adjuvant administBred at vnek 38 
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Example 17 
Cytolytic T Lviryhocvte (CTD responses 

Apool of 51 syndetic peptides 20 asmo adds (aa) long, ovedqrpingby 10 aa, and spanniog 
pSS gag, and apool of 66 synHietic peptides 20 aa long, ovedqipingby 10 aa, and spamuDg gpl40 
were prepared. Rhesus macaque p^herai blood mouonadear cells (PBMC) were separated from 
hepaximzed Uood by ceotnfiigadoii on FicoU-Paque (Phannada Biotecfa, Piscataway, N.I) 
gradients. PBMC were cultured jfor 8 days in 24-wdl plates at 3 x 10^ per wdl in 1 .5 ml of AIM- 
V/RPMI 1640 (50:50) culture medtam(Gibco-BRL,Grand Islaad, N.Y.) siqqpilemented with 10% 
fetal bovine serum Gag-spedfic CTL were stimulflted by Hie addition of Ifae gag pqitide pool and 
env-spedficCTLwerestinB3laledt3y1faeaddidonof1bem^ Cnttureswere 
sqiplemeoted withreconMianlhunmintedeuk^ ^7; 15 n^id; R&D Systems, Minneqtolis, 
MimL). Human recombinant ILr2 (20 lUM; Proleu]dn;Qiiron) was added on da^s 1, 3, and 6. 
Stable ihesus B-^nQ>hoblastoid cdl lines (B-LCL) were dedved by exposng PBMC to herpesvirus 
pqiio-contamiitg culture supernatant from the S594 ceD line (Falk, L, et aL 1976. Properties of a 
baboon tymphotropic herpesvirus related to BpsteinrBarr virus. Int J Cancer. 18:798-807. Rabin, 
H., et al 1976. Virological studies of baboon (Papo hamadiyas) lyn^homa: isolation and 
characterization of foano^viruses. J Med PnmatoL 5:13-22.) in the presence of 0.5 microgran^ 
cydosponn A (Sigma, St Louis, MO). Autologous B-LCL were infected with recombinant 
vaccinia virus (rW) encoding HIV-1.SF2 gag-pol (rWgag-pol) orHIV-l.SF162 gpl60env 
(rWgpl60eav) (PFU:cdl ratio of 10) and concunraitfy bbded vrithNaI^*Cr]204 (NEN, Boston, 
MA) at 25 miaocurie per 1 x 10^ B-LCL. After ovemi^jht culture at 37°C, rW-infected, ^^Cr- 
labded B-LCL were washed and then added (2,500 per round-bottomed wdl) to duplicate wells 
contabsing threefold serial dilutions of cultured PBMC. Then 10^ unlabded, uninfected B-LCL 
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were added per well to ixibibit noBSpedfic cytolysis. After 4h incubation at 50 microliters of 
culture supematants were harvested and added to LuzDaPlates (Packard, Medden, CT), and 
radioactivi^ was counted (counts per minute (cpn^) wtfli a Mcrobeta 1450 liquid scintillation 
counter (Wallac^ Gaitliersbuig, MD). ^^Cr released from lysed targets was normalized by using the 
formula: % Specific ^^aRdease^^^ 100% x (mem experimental (^-SR)/^fR- S^ 
» mean cpmfix>m targets alone and NfR== mean cpm from targets e}q)osed to An 
animal was determined to have a positive, p55gag-specific r^ponse if at two consecutive dilutions 
of Ihe gag peptide pool-stimulated PBMC the tysis of rWgag-pol-infected B-LCL CKceeded lysis 
of rWgpl60eDy-in&cted B-LCL by at least 10% and if at two consecutive dilutions of cultured 
PBMC tlie lysis of rVVgag-pol-infected B-LCL by Hie gag peptide pool-stimulated PBMC exceed 

ofrWgag-poI-iofected B-LCL by envpq>tidepool-stiniuMedB-LC^ Aa 
animal was detenxxtned to have a positive, gpl60-s|)ec]fic response if at two consecutive dihitions 
of ihe env peptide pool-stimulated PBMC the lysis of rWgpl60eav-in&cted B-LCL exceeded 
^sis of rWgag-pol-in&cted B-LCL by at least 10% and if at two consecutive dihrtions of cultured 
PBMC the lysis of rWgpl60eav-infected B-LCL by flie mv peptide pool-stimulated PBMC 
exceed lysis of rWgpl60eav-infected B-LCL by gag peptide pool-stimulated B-LCL by at least 
10%. 
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Table 14. Gag-spedfic CTL 



Induction of p55gag-specific CTL by vaccanes 





Week -2 


2 


6 


11 


16 


20 


24 


Vaccine 


Timerpre 


2wplst 


2wp2nd 


7wp2nd 


2wp3rd 


6wp3rd 


10wp3rd 


pSINCP 


0 


0 


1 


0 


0 


0 




pSmCP/PLG 


0 


0 


3 


1 


1 


0 




pCMV 


0 


0 


4 


1 


4 


3 


1 


pCMV/PLG 


0 


3 


3 


2 


3 


1 


1 


PCMV/MF59 


0 


0 


1 


1 


0 


0 




None 


0 


0 


0 


0 


0 


0 





Table 15, Eav-spedfLc CTL 



Induction of gpMOenv-spedfic CTL by vacdnes 
Number of positive animals per groiq) (if=5) 



Week:-2 



11 



16 



20 



24 



Vaccine 



Tlmeipre 



2wplst 



2wp2nd 



7wp2nd 



2wp3id 



6wp3rd 



10wp3id 



pSINCP 



pSDSrCP/PLG 



pCMV 



pCMV/PLG 



PCMV/MF59 
none 



Example 18 
Lvmphoproliferatioii assay flLPA^ 
2x10^ ihesus PBMC per well w^e cultured in the presence or absence of reoomhinant 
pSSgag protein or the pool ofsynthetic 607 peptides. Sixi^UcatewdOs were established for each 
culture condition. After 4 dajrs of incubation cultures were pulsed ovemig^ with 1 
toicrocurie/well of [^TdR. Incoiporation of [^TdR ioto ceOs was determined by liquid 
scintillation counting (BetaPlate, Wallac^ Gahbersburg, MD). Stimulation Index (SI) was 
calculated as SI nsean qsn (gag or env stimiiIation}/mean cpm (unstimulated). 
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Table 16. Rhesus Anti-gag Ijmaphoproliferation stitsulation indices 









Pre 


2 

post 
I'' 


2 

post 
2i3d 


7 

wics 
post 
2nd 


2 

post 
3id 


5 

wks 
post 
3id 


10 

post 
3rd 


13 

post 
3rd 


2 

wks 
post 
prot 
ein 


g 

post 
prot 
ein 


11 

1 X 

viks 
post 

prot 
ein 


17 

wks 
post 

prot 
ein 


PlasmidDKA 


DeHvoy 


Week 


0 


2 


6 


11 


16 


20 


24 


27 


31 


37 


40 


46 
































pCMV-p55gBg 




Geo 


1 


3 


5 


3 


3 


2 


5 


2 


7 


9 


4 


2 








1 


2 


4 


2 


3 


2 


3 


2 


4 


6 


2 


2 








1 


3 


7 


4 


4 


3 


6 


3 


11 


13 


7 


3 
































pGMV-p55gag 


PL9/CTAB 


Oeomean 


2 


7 


15 


6 


5 


5 


4 


2 


8 


7 


5 


4 






IL 


1 


3 


7 


3 


3 


3 


2 


2 


4 


3 


2 


2 






TTf 

Vis 


Z 


10 


an 


1 0 
Ix 




Q 

o 


Q 

o 




1/ 


Id 


11 


o 
0 
































pCMV-p55gpg 


MF59/DCITAP 


Geo mean 


1 


9 


30 


14 


11 


10 


9 


11 


19 


10 


8 


5 






LL 


1 


5 


13 


7 


6 


6 


5 


6 


9 


4 


4 


3 






UL 


1 


18 


65 


27 


17 


15 


15 


21 


42 


25 


14 


7 
































pSINCa>-p55gag 


saline 


Geo mean 


1 


8 


6 


4 


4 


6 


6 


3 


11 


6 


6 


5 






a 


1 


4 


3 


2 


3 


3 


3 


2 


6 


4 


3 


3 






UL 


1 


15 


13 


8 


6 


10 


12 


4 


17 


9 


12 


8 
































pSINCP-p55gBg 


HXKTAB 


Geo mean 


1 


10 


14 


5 


4 


6 


7 


6 


13 


6 


5 


6 






LL 


1 


7 


9 


4 


3 


4 


4 


4 


10 


5 


3 


4 






UL 


1 


15 


21 


7 


6 


9 


12 


11 


16 


7 


8 


9 
































nODB 




Oeomean 


1 


1 


2 


1 


1 


1 


2 


1 


2 


1 


1 


1 






LL 


1 


1 


1 


1 


1 


1 


1 


1 


2 


1 


1 


1 






UL 


2 


2 


2 


2 


1 


1 


2 


1 


3 


1 


1 


1 



RelatbetoplasmMininunuzatioDs dooeatwee^ 0, 4, and 14 

Geometric mean for &e gnn^ 
^^Groi^ arithmetic nieans and standard emrs calculated LL =antilpg(8ntfametic mean- 

standard error). UL=antilog (arithmetic mean + standard eiror) 

Reocnn1]2nakp55gagia»tBmadsQibed Id anionic FIXj 
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Table 17. Rhiy "^ fmt\^ ^ymphonroliferatioii stimul 









Pta 


0 

post 
1st 


0 

At 

post 
2nd 


7 

wks 
post 
?.nd 


2 
wks 
post 
3rd 


5 
wks 
post 
3ni 


10 
"wks 
post 
3id 


13 

post 
3id 


17 

post 
3id 


23 
i^ks 
post 
3id 


2 

wks 
post 

plot 
em 


8 

wks 
post 

pxot 
ein 

W 


PlaamidDNA 




Week 


0 


2 


6 


11 


16 


20 


24 


27 


31 


37 


40 


46 


pCMV-gpl40eny 




Geo 

mean^^ 








4 


4 


3 


4 


4 


4 


4 


22 


9 














3 


3 


2 


3 


3 


2 


Z 


12 


O 














6 


6 


4 


5 


a 
0 


o 


e 
3 


40 


































pCMV-gpl40en7 


PljOyCTAB 


Geo mean 








5 


2 


3 


3 


2 


3 


Z 


13 


Q 
O 






LL 








3 


2 


2 


2 


1 


2 




o 
o 


4 






UL 










3 


4 


4 




< 




Ji 


ID 
































pCMV-gpl40eny 


MF59/DOTAP 


Geo mean 








6 


5 


5 


5 


7 


7 


4 


18 


12 






LL 








4 


4 


4 


3 


5 


5 


3 


13 


9 






UL 








9 


7 


7 


7 


10 


10 


6 


25 


16 
































pSINCP-gpl40env 


saliiiB 


Geo mean 








9 


6 


7 


8 


5 


5 


4 


41 


23 






LL 








5 


4 


4 


5 


3 


3 


3 


23 


12 






UL 








15 


9 


12 


14 


9 


8 


6 


74 


45 
































pSINCP-Epl40eDy 


PLG/CTAB 


Geo mean 








10 


3 


4 


6 


6 


4 


3 


34 


26 






LL 








7 


3 


3 


4 


3 


3 


2 


19 


15 






UL 








15 


4 


6 


10 


9 


6 


4 


62 


47 
































none 


none 


Geo mean 








2 


2 


1 


2 


1 


2 


1 


1 


1 






LL 








1 


1 


1 


1 


1 


2 


1 


1 


1 






UL 








3 


2 


1 


2 


I 


3 


1 


1 


1 



Rf lati^ to plPSmi*^ prm mnirgtf nna done fltiwaefea 0^ 4^ and 14 

Geometric mean &r Ibe groi^) 
^> nTy>"r ftn thme tiG means and standard errors calcutoted from log-transfonned titers. LL=aotilog(f 
standard eiTor). XJL=aii!Uog(an£brDjBticmean+stBndaidQaQr) 

Recomhinant oligomenc gpl 40env(AV2) pn>tBm^^ 
^ blank values: assay oat potfisnned 



mean- 
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Example 19 

Intracellular cvtoldiie immunofluoresceace and flow cytometiv 

Rhesus PBMC (1 x 10^ per well) were ciittui^Bd ovemglit in Ibe presence of Brefeldin A 
(Phanmngeo, San Diego, CA) and antirCD28 monoclonal antibody (mAb) (PharmingeD) and in Ifae 
presence or absence of the gag or env peptide pools. Duplicate wells were prepared for each 
condition of stinaulatioiL The next day cdls were stained with pendinincUoropi^nprot^ 
CPeiCP)-CQigugated anti-CD8 nsAb and aDopSbycocyaoin (AFQ-cotgugated anti-CD4 mAb 
(Becton Dickinson, San Jose, CA), fixed and permeabaized (Cytofix/Cytopenn, Phanningen), and 
stained with fluorescein isolMoqranate (FrrC)*co2^ated anti-tumor necrosis iactor-a (TNF-a) 
mAbandp]QrcoeiythDn(PE)-c0igugatedanti-int6rfeo^ Stained cdDi 

san9>les were analyzed using a FACSCalibur^ flow cjrtonister and CeUQuest^ software (Becton 
Diddnson). The firaction of ceQs positive^ stained for IFN-y and INF-a was calculated for the 
CD4+8- and CD8+4-T cell subsets. Ilienund)erofgag-oreav-q)ecjficceOs wascalcd^ 
subtraction of Ifae average IFN-y/INF-a fiaction found in Ifae unstimulated control wdls fix>m1fae 
average IFN-y/rNF-a fraction found in tiie gag- or env-stiraulat ed wells. 
For a given T ceD subset (CD4+8- or CD8+4->) and antigen (gag or env) a response was designated 
as positive if Ifae firaction of audigen-spedfic cells was at least 0.1%. 
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Taly^g ^8, q^-a^edfip mj^/mifa* CP4+ T cdls 

Indiution of pSSgag-spedfic WUfflNPa* CD4+ T ceDs by vacdnes 



'Numl 


ber of Positive Animals Per Group (n=5)* 




Pre 


Post 1st 


Post2&d 


Post 3rd 


Post Protein 


pSINCP 


0 


0 


0 


0 


1 


pSINCP/PLG 


0 


0 


2 


0 


0 


pCMV 


0 


0 


0 


0 


0 


pCMV/PLG 


0 


0 


2 


0 


1 


pCMV/MF59 


0 


0 


0 


0 


0 


none 


0 


0 


0 


0 


0 



♦Positive: Frequmcy>0.1% 



Induction of gpl40eaiv-specific IFNyVTNFa* CD4+ T cells by vacdnes 
NunJber of PosMve Anfanals Per Group (n=5)* 





Pre 


Post 1st 


Post2ncl 


Post 3rd 


Post Protein 


pSINCP 


0 


0 


0 


0 


3 


pSmCP/PLG 


0 


0 


1 


0 


3 


pCMV 


0 


0 


1 


0 


2 


pCMV/PLG 


0 


0 


2 


0 


3 


PCMV/MF59 


0 


0 


0 


0 


0 


none 


0 


0 


0 


0 


0 



♦Positive: F!rcqufincy>0.1% 



Table20. Gag-spedficIFNv*/mFa^CD8+Tcells 

Induction of p55gag-specific IFNy^/rNFa^ CD84- T cells by vacdnes 



Num 


ba of Positive Animals Per Group (n=S)* 




Pre 


Post 1st 


Post 2nd 


Post 3rd 


Post Protein 


PSINCP 


0 


0 


0 


0 


0 


pSINCP/PLG 


0 


0 


0 


0 


0 


PCMV 


0 


0 


0 


1 


0 


PCMV/PLG 


0 


0 


1 


0 


0 


PCMV/MF59 


0 


0 


0 


0 


0 


None 


0 


0 


0 


0 


0 



♦Positive: Frequency > 0.1% 
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Table 21. Env-spedfic IFNY^/rNFa''CD8+ T cells 

Inductiaa of gpMOenv-specffic IFNy*/TNFa* CD8+ T cdls by vaccines 



Nuni 


bar of Positive Aoimals Per Gioup (rp=5)* 




Pie 


Post 1st 


Post 2nd 


Post 3rd 


Post Protean 


pSINCP 


0 


0 


0 


1 


0 


pSINCP/PLG 


0 


0 


0 


0 


0 


dCMV 


0 


0 


0 


0 


0 


pCMV/PLG 


0 


0 


0 


0 


0 


PCMV/MF59 


0 


0 


0 


0 


0 


None 


0 


0 


0 


0 


0 



♦Posdtiye: Rreqiiency >0.1% 



.AMlou£^ piefened embodimetits of Ifae sidrject inveotioiihaye beea descdbed in some detail, 
it is understood liiat obvious vadatioos can be made without departing fiomtibe spirit and the 
scope of Ihe inraotion as defined by tbe aiqpended claims. 
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CLAIMS: 

1. A method of raising an izimmerespoi^ 

adnmiistedogto the animal a vector construct compcisiQg aheterobgous middc acid 
sequeaiceexioodingafiretantigminananiDu^ respcmse, 
^iteeiiitheTOCtor constnict is adsorbed onto nttcropartides comprising © apotymer selected 
from the group consisting of a poly(arhydro3^ add), a potyiydro^gr bulyric add, a 
pofycqttolactone, a potyorthoester, a pofyanhydride and a polycjranoaaylate and (iO a detergent; 
and 

subsequently boostiqgihe imnounological response by adnimstenDg asecond antigen to ^ 
amrwal wherein the firsft antigen and the second antigai can be the same or different 

2. Iliem0tbodofdaiml,^\dierdn1iiefirstantigenan^ 

3. Th!& mptb"^ »^ rinim 1 , wherein ifae vector oonstmct is sdected from a plasmid DNA and 
an RNA vector construct 

4. Hie metliod of dahnS, wfaerdn the plasmid DNAis an ELVIS vector. 

5. The mefliod of daim 4, wherein the ELVIS vector conopiises a cDNA con5)lemfint of an 
RNA vector construct derived from a member selected from the groiq) conasting of alphaviras, 
pioomavirus, togavirus, flavivirus, coronavirus, paranyxovirus, and ydlow fever virus. 

6. The metiiod of daim5,\^erein the alphavir\is is sdected from the grou^ 
Sindhis virus, SemBki Forest virus, Venezudan equine sicephaKtis virus, or Ross River virus. 

7. The method of daim 3, vvherdn the plasndd DNA comprises a 

8. The method of daim 1, vrfierdn the first and second antigens are sdected fromfte groiq) 
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consisting of HTV antigens, hepatitis C vims antigens, and influenza A virus antigens. 

9. ilie method ofdaiml,^eidDlhefiist and second ant^ 

ftomthe ffoxsf consisting of HTV antigens gpl20, gpl40, gpl60. p24gag and p55gag. 

10. The method of dainil.'vvteemlfaefiis^ 

11. The mediod of daim 1» 'vAerdn&e first and second antigens compnse HIV gpl40. 

12. The method of daim 1, herein the second antigen is adsozbed to micropartides 
conpising (0 apolymer sdected from die groi^ consistiDag of apoly(arhydro8y add), a 
po^li^droxy butyric add, a poJ^caproIactone, apolyoifho^ter, apol^anbydride, and a 
polycyanoaoylate and 09 a detergent 

13. The method of daim l,vvheiem the second aiitigea is coadm^^ 

14. The caeifaod of daim 13, wherein the adjmrant is MF59. 

15. The method of daim 1, herein the polymer comprises a po\y(arhydioKy add) sdected 
from the e^oxsp consisting of poly(L-lactide), poty(D,I^lactide) andpoty(p,I^lactide-co-giycottd^^ 
and wherein Ihe detQ:gert conqnises a cationic detergent sdected from CTAB, benzalkonium 
ddoiide, DDA and DOTAP. 

16. The method of daim l,wherem the vector construct is administered t^^ 
before the second antigen is administered. 

17. The method of daim 16, vrfierdn the second antigen is also administered two or more 

times. 
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18. The netbod of daiin 17, 

wherein the vector construct is admrnistered (a) at atimd of imtial adnmustradon, (b) 
at atimepedod ranging 1-8 weeks from the ioiMadnrndstratioi^ 
raogiDg 4-32 wedcs from the imtial administratioi], and 

v^dierdalbe second antigen is adnmdstered (a) at atimepedodrangisig fcom 8-50 
weeks from the initial administratiQn and (b) at a time period ranging from 8- 1 00 weeks from 
the initial aifaninistration. 

19. Ihe method of daim 1, ntdiereintiie animal is a mammal selected fromihesus macaque 
and ahuman. 

20. The method of daim 1, wherein ftie vector construct and flie second antigen are 
administered subcutaneousljr, intraperi t oneal^, iotiadermalty, intravenously or intramuscdaz]^. 

21. Iheznethodof claim 20, wherein Ihe vector construct and the seco^ 
administered intramusculai^. 

22. Ihe inetiiod of claim 1, wherein the vector construd is coadminist^ 

23. Iheinediodofclaiml, wherein said inmune response conpises a T^^ 
response. 

24. Ihe method of daim 1, wherein said immune response conpdses a CTL immune 
response. 

25. The method of daim 1, wherein said immune response is raised against a viral, bacterial, 
or parasitic infection. 

26. A microparticle with an adsorbent sur&ce to wUdi a first biologically active 
maaomolecule has been adsorbed con^rising: 
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a nricropartide selected from -die group consisting of (a) a polymer miaropartide comprising: 
(j) a potymff selected fromHie groip consisting of a pofy(a-lQrdroxy arid), a potyl^dro^ bulyiic 
add, apdycqxrolactone, apotyoilhoester, apolyanhydride, and apolycyanoacrylate; and a 
detergent; and (b) a suhnicron emulsion comprising: (i) a metaboHzable oil; and (iO one or more 
emuLsij^ing agents; and 

tte first biologically active macromolecule, wherein the first biologically active 
macromolficule is a mideic arid molecule con5)rising at least one vector construct sdected firom 
the groiq) c<msisting of an ELVIS vector and an RNA vector constr^ 

27. Ihe micropartide of claim 26, wherein said suhmicron emulsion is selected as said 
micropartid& 

28. The micropartide of daim 26, wherein said polymer micropartide is sdected as said 
micropartide. 

29. The micropaitide of daim 28, vAerein Ae potymarmicrcparticle comprises apoly(a- 
hydroxy arid) sdected firomttie groT:q) consisting of po^r^lactide), polyO),L-lactide) and 
poly(D,L-lactideKX>-gtyco]ide). 

30. The nricropartide of claim 28, ^erdnlhe potymer comprises poty(DJL-Iactide-co- 
gtycoMe). 

31. The micropartide of daim28, fiirflier oonpising a second biological^ active 
macromolecule entr^ped wittdn the nricropartide, vAardn the second Wologicalfy active 
macromolecde is a member selected from the groi?) consisting of a polynudeotide, a 
potynudeoside, a pharmaceutical, a polypeptide, ahormone, an enzyme, a transcription or 
translation mediator, an intermediate in ametaboKc patwajr, an imraunomodulator, an aotigai, 
and an adjuvant 

32. The nricropartide of daim 28, wbssesn said vector construct is an ELVIS vector. 
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33. The micropaitide of daim 28, "vAardn said vector construct is an ELVIS vector 

a cDNA con^lement of an BNA vector construct deiived from a meniber selected 
fromtibye group consisting of alphavirus, picomavirus, togavirus, flavivirus, coronavirus, 
paramyxovirus, and yellow fever virus, and ^lerein said BNA vector construct fiirtber conqirises a 
selected heterologous nucleotide sequence 

34. lhen]icropartic]0ofdaim33,\i^einsaidEL^^ 

selected fiomlfae groiqp consisting of Sindbis virus, Sendiki Forest virus, Vene2uelan equine 
encqduiitis virus, or Ross River virus. 

35. The nicroparticlB of daim28, wherein said vector construct is an KNA vector construct 
derived from a member sdected fromlbe grotq^ consisting of atphavirus, picomavirus, togavirus, 
flavivirus, coronavirus, paramyxovirus, and yellow fever virus, and wherein said RNA vector 
construct coiiq)rises a selected heterologous nucleotide sequence. 

36. The microparticle of daim 35, wherein said KNA vector construct is derived from an 
a^phamus selected from the groi^ consisting of Sindhis virus, SemliU Forest virus, Venezuelan 
equine eQcq)halrtis virus, or Ross River virus. 

37. The microparticle of daim 32, \^erein said vector construct con^jrises a heterologons 
nuddc add sequence encoding a merdb^ sdected from Hie group consisting of a pharmaceutical, 
a polypeptide, a hormone, an enzyme, a tianscd^on or translation mediator, an intennediate in a 
metabohc padiway, an immunomodnlator, an antigen, and an adjuvant 

3 8. The micropartide of claim 37, 'wherdn said heterologous nuddc add sequence aacodes 
an antigen. 

39. The micropartide of daim38, ^v^iiereiasaid antigenis a member sdected from the grotq) 
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cansislmg of HIV gpl20, HIV gpl40, HIV p24gag, HIV p55ga& and Muenza Ahemaggjutinin 
flntigsQ. 

40. The ndcroparticle of daim 32, wherein said vector construct is a vector selected ftom 
4e group consistiiig of the ELVIS vectors pSINCP-gpl40 and pSINCP-p55gag. 

41. The micropartide of daim28, further comprising at least one second biologically active 
macromDlecule adsorbed on Ifae surface thereof ^erdnlbe second biologically active 
maCTomolecule is at least one metiiber sdected from the group consisting of a polypeptide, a 
pofynudeotide, a potynudeosidei an antigen, a i^iannaceutical, a homiDne, an enTynae, a 
transcription or translation mediator, an intermediate in a metabolic pathway, an 
immuaomodulator, and an a^uvaal 

42. Hie micropartide of daim 41, wherein the second biologicalfy active macromolecule is 
anandgeax 

43. The micropartide of claim 42, wherein Ihe second Wologica^ 

an aatigen sdected from the groiq) consisting of HIV gpl20, HIV gpl40, HIV p24gag, HIV 
p55gag, and TuflnmyA A hemagglutinin antigen. 

44. The micropartide ofdaim 41, wherein the second ttologicdlyacti^ 
pofynudeotide wMdi encodes HIV gpl40. 

45. The micropartide of daim 41, \Aerein the second ttologicany active noacaromolecule is 
an adjuvant. 

46. Thenxk:ropartideofdaim45,^)^ein1faea^^ 
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47. AmcropaiticlecojQ5)ositioncoiiprisiDgaim 
pharrDaceuticaIfy acceptable exdpient 

48. Ihe mtcropaitide coxxq^ostdon of daim 47, further con^iising an adjuvant 

49. Tli9niiciopaiticlBCon90sMonofdaim48,\vlie^ 
fiomtiiB grotq) CQDsisting of a CpO oligonudeolide. 

50. Hie nncTopaitide con$ositi(m of daim 4S, wheranlbe aidyuvant is an ahinnnumsalt 
^di is aLuomum phosphate. 

51. AmediodofpioducingannGropartidehavingan^ 

construct cqiaUe of e^ressing a selected nxicldc add sequeaice is adsorbed, said method 
conqxrising the steps o£ 

(a) eniulsifyingannxtureof apolymersoM 

^^dierdn Ifae pofymer solution oon^iiises a po^nier sdected ftomfhe groiq> consisting of a 
pofy(a-hydroxy add), apo^bydro^ bufync add, apo^cqnrolactone^ apolyorthoester, a 
po^anbyddde, and a pofycyanoacrylate, \^iierein tiie polymer is present at a concentration of 
about 1% to about 30% in an organic solvent, and wherein the detergent is present in the 
mixture at a weight to wei^ detergent to polymer ratio of from about 0.00001:1 to about 
0.5:1; 

(b) removing the organic solvent from the onulsion, to form said micropartide; and 

(c) adsorbingtbevector construct to the surftce of the nicropartide, wherein said 
vector construct sdected from the groiq^ consisting of an ELVIS vector and an 
RNA vector construct, 

52. Ihe method of claim51, wherein the vector construct is an ELVIS vector or an KNA 
vector construct, and con5)rises a heterologous nudeic add sequence encoding a megtnber sdected 
from the group consisting of a pharmaceutica], a po^eptide, a hormone, an oozyme, a 
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.traosciq>1iQn or translatioix isBdiatoi, aa intensediate in ametabolic pafhwsQ^, an 
iiniinmomodulator, an antigeD, and an adjuvant 

53. Hie method of claim 52, wheorein the heterologous nudeic add sequence eocodes an 
antigen sdected fromlfaB ffoup consistmg of HIV gpl20, HIV gpl40, HIV p24ga& HIV p55gag, 
and InflufiQza. Ahemaggjutniin nn^g ^. 

54. Ihe method of daim 53, iwheoremlte 

55. AmicropaztidemadeaccoidiDgtolhemethodofdamiSl. 

56. A micropartide conp>sition comprising die nncropartide of datm 55 and a 
phannaceudcalfy acceptable excqsient 

57. A method of indudng an immune response in ahost anhnal comprising admimstering to 
said animal the micropartide conq)osztion of daim 47. 

58. Ihe method of daim 57 ^wfaeresn said Tnammal is ahuman. 

59. A method of imtmmiTiDg a host ammal against a vira], bacteria], or parasitic infection 
coiqpiising administering to said animal the micropartide con^osition of any of daim 47. 

60. Hie method of daim59 wherein said mammal is ahuman 

61. Amethod of inducing a Thl immune response in a host aninoal con^)nsing ft^TTiT^i <y|:g rmg 
to said animal Ihe micropartide con^sition of daim 47. 

62. The method ofdaim 61 wherein said mammal is a lunnan. 

63. A method of mdnoing a CTL immune response in a host animal 
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adnximsteiiDg to said anmal the nnoroparticle composition of daim 47. 

64. The method of daim 63 \vbsreia said nmi^ 

65. AmetbodofdeUvei^^atfaexapeuticallsreGBx^e^^ 

anmal comprising the step of administeDng to the vertebrate subject a nncropartide coirposhiQii 
ofdahn47. 

66. The method ofdaim 65 ^vfaeim said mamn^ 

67. AmBdu>doftrealjngaho5taaimalhav]c^avi]^ 

compising admimstenng to said anhnallhemicropartide coiqpositiQa of daim 47 ia an amount 
efibcdve to reduce the levd of infection thereof 

68. lhemediddofdaini67TfAiBransaidmammalisahum^ 

69. Use of a micropaitide composition of daim 47 for tceatmBot of a diseasa 

70. Use of a microparticle composition of daim 47 for a vaccine. 

71. Useof axmcropaitideconq)Ositionofdaim47£brraisiDganimnainere^ 

72. The niaoparticle of f^laim 39, wherefax said heterologous nudeic add sequence encodes 
an HIV gag polypeptide and comprises a sequence having at least 90% identity to a sequence 
sdected from the groiq) consisting of nucleotides 844-903 of SEQ ID NOs:63, nucleotides 841- 
900 of SEQ ID NO:64, nudeotides 1513-2547 of SEQ ID NO:65, nudeolides 1210-1353 of SEQ 
ID NO:66, nudeotides 1213-1353 of SEQ ID NO:67, and nucleotides 82-1512 of SEQ ID NO:68. 

73. The micropaitide of daim 39, Tvherein said heterologous nuddc add sequence encodes 
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an HTV envelope potypeptide and compiises a sequence having at least 90% identity to a sequence 
selected from-flie groiq) consisting of nudeolides 844-903 of SEQ ED NOs:63, nucleotides 841- 
900 of SEQ ID NO:64, nucleotides 1513-2547 of SEQ ID NO:65, nucleotides 1210-1353 of SEQ 
ID NO:66, nucleotides 1213-1353 of SEQ ID NO:67, and nucleotides 82-1512 of SEQ ID NO:68. 

74. Hie method of daim 53, hereon said heterologous nudeic add sequence encodes an 
HIV gag polypeptide and compiises a sequence hamg at least 90% ideotily to a sequence selected 
fromlfae groiq) consisting of nucleotides 844-903 of SEQ ID NOs:63, nudeotides 841-900 of SEQ 
ID NO:64, nudeotides 1513-2547 of SEQ ID NO:65, nudeotides 1210-1353 of SEQ ID NO:66, 
nudeotides 1213-1353 of SEQ ID NO:67, and nudeotides 82-1512 of SEQ ID NO:68. 

75. The noethod of daini 53, herein said heterobgousmideic 

HIV envelope polypeptide and conpjses a sequence having at least 90% identity to a sequence 
sdected firomlfae gjcovp consisting of nudeotides 844-903 of SEQ ID NOs:63, nudeotides 841- 
900 of SEQ ID NO:64, nudeotides 1513-2547 of SEQ ID NO:65, nudeotides 1210^1353 of SEQ 
ID NO:66, nudeotides 1213-1353 of SEQ ID NO:67, and nucleotides 82-1512 of SEQ ID NO:68. 

76. Tlieniicropa]ticIeofdaini27, \riierein(a)fheQfl 

fimnlsHymg Qgeuts conpdse one or moie nonriomc deteigeats and one or more c atio n ic 
detergents. 

77. The niiQropartideofdajm76, wherein the oil is squalene and tiie one or n^ 
emulsifying agoots coxopiise: a polyoxyetbylene sorbitan &tty add ester^ a sorbitan fitty add ester, * 
andDOTAP. 
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1/6 

Gag_AP110965_BWjtnod (SEQ ID NO: 63) 
ATGGGCGCCCGCGCCAGCATCCTGCGCGGCGGC^^ 
TGCGCCCCGGCGKSCAAGAAGTGCTACATGATGAAGCACCl^ 
GGAGAAGTTCGCCCTGAACCCCGGCCTGCTGGAGACCAGCGAGGGCTGC^ 
a3CCAGOTGC?^CCCCGCCCTGCAGACCGGCAGCGAGGAGCTGAAGAGCC^ 
TGGCCACCCTGTACTGCGTGCACGAGAAGATOSAGGTCCGCGACACCS^^ 
CAAGATCGAGGAGGAGCAGAACAAGTGCCAGCAGAAGATCCAGCAGG 
. AAGGGOAGGTGAGCCAGAACTACCCCATCGTGCAGAACCTGCAGGGCCAG^ 
AGGCCATCAGCCCCCGCACCCTGAACGCCTGGGTGAAGGTGATCGAGGA6AAG 
CCCCGAGGTGATCCCCATGTrCACCGCCCTGAGCGAGGGCGCavCCCCCa^GGACCTGAAC 
ACGATGTTGAACACCGTGGGCGGCCACCAGGCCGCCATGCAGATGCTGAAGGACACC^ 
ACGAGGAGGCCGCCGAGTGGGACCGCGTGCACCCCGTGCa^CGCCGGCCCCATCGCCCCC^ 
CaVGATGCGCGAGCCCCGCGGCy^GaaACaTCGCCGGCACCACC^ 
ATCGCCTGGATGACCAGCAACCCCCCCATCCCCGTGGGCGACATCTAC^ 
TCCTGGGCCTGAA(3l^GATa5TGCG6ATGTACAGCCC 
GGGCCCOAGGAGCCCTTCCGCGACTACGTGGACCGCTTCTTCAAGACCC^ 
CAGAGCACCa^GGAGGTGAAGAACTGGATGACCGACACCCTGCrGG^ 
CCGACTGCAAGACCATCCTGCGCGCTCTCGGCCCCGGCGCCAGCCTGGAGGAGAT^ 
CGCCTOCOVGGGCGTGGGCGGCCCCAGCa^CSAGGCC^ 
CAGGCCa^CACCAGCGTGATGATGCAGAAGAGCAACTTCS^GGGC 
AGTGCTTCAACTGCGGCAAGGAGGGCCACATCGCCCGCAACTGCCGC^^ 
GGGCTGCTGGAAGTGCGGCAAGGAGGGCCACCAGATGAAGGACTGCACCGA^^ 

aacttccixsggcaagatctggcccagccacaagggccgccc^^ 

gccccgagcccaccgccccccccgccgagagcttccgcttcgaggagaccacccccggcca 

gaagcaggagagcaaggaccgcgagaccctgaccagcctgaagagcctgttcggcaacgac 

CCCCTGAGCCAGTAA 

FIG. 1 
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27 6 

Gag_AP110967_BWjDaod (SEQ ID NO: 64) 

ATGGGCGCCCGCGCCAGCATCCTGCGCGGCGAGAAGCTOGACa^G^ 

TGCGCCCCGGCGGCAAGAAGOICTACATGCTGAAGCACCTGGTGTC 

GGAGGGCTTCGCCCTGAACCCCGGCCTGCTGGAGACCGCCGAGGGCTGCAAGCaiGATCAIra 

lAGCAGCTGCAGCCCGCCCTOCAGACCGGCACCGAGGAGCTGCGC^ 

TGGCa^CCCTGTACTGCOTGOlCXSCCGGCATCmGGTCCG 

aVAGATCGAGGAGGAGCAGAACAAGTCCCAGCAG2A^ 

GGCAAGGTGAGCC».GAACTACCCCATCGTGCAGAACCTGCAG<^ 

CCAtCAGCCCCCGCACCCTGAACIGCCTGGGTGAA^^ 

CXSAGGTGATCCCCATGTTCACCGaZCTqAGCGAG^^ 

AT6TTGAACACCGTGGGCGGCCACCAGGCCGCa^TGCAGATGCTGAAG(^ 

AGGAGGCCGCCGAGTGGGACCGCCTGCACCCCGTGCAGGCCGGCCCCGTGGCCCCCGGCCA 

GATGCGCGACGCCCGCGGCAGCGAOITCGCCGGCGCCACCAGCACCCTGC^ 

GCCTGGATGACCAGCAACCCCCCCGTGCCCGTGGGCGACATCTACAAGCGGTCG^ 

TGGGCCTGAACAAGATCGTGCGGATGTACAGCCCCGTGAGCATCCTGGACATCCGCCAGGG 

CCCCAAGGAGCCCTTdCGCGACTACGTGGACCGCTTCTTO^GACCCTGCG^^ 

GCCACCCAGGAa3TGAAGAACTGGATGACC!GAGACCCTOCTOT 

ACTGCAAGACCATCCTGCGCGCTCTCGGCCCCGGCGCCACCCTGGAGGAGATGATGACC^ 

CTGCCAGGGCGTGGGCGGCCCCGGCCACAAGGCCCGCGTGCTGGCCGAGGCGATGAGCCAG 

GCCAACAGCGTGAAGATqATGATGCAGAAGAGCa^CTTaA 

AGTGCTTCAACTGCGGCAAGGAGGGCCSICATCGCCT^GAACTCCC^ 

GGGCTGCTGGAAGTGCGGCAAGGAGGGCCACCAGATGAAC^ 

AACTTCCTGGGCAAGATCTGGCCCAGCaVCAAGGGC^^ 

GCAGCGAGCCCGCCGCCCCCACCGTGCCCa.CCGCCCCCCCCGCCGAQAGCTTCCGCTTCG^ 

GGAGACCACCCCCGCCCCa^GCAGGAGCCCAAGGACCGCGAGCCCTACCGCGAGCCC^^ 

ACCGCCCTGCGCAGCCTGTTCGGCAGCGGCCCCCTGAGCCAGTAA 

FIG. 2 
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Env__AP110968_C_BW_opt (SEQ ID NO 65) 

> signal peptide (1-81) 

\/ > gpl20/l40/160 (82) 

TC»6C7k6C0TGGTG6GCAIlCCT6TGGQTQIlCCQT^ 

6TTCTGCACCAGOG2iaK!CAAGGCCTACGA^ 

GACCCCAACCCCCAGGAiSATCQTOCTOG^ 

AGATGCACGAGGACATCATCAGCCnXSTGGQACa^^ . 

CCnX3AAGTGCCGCAACGTQAACGCaiCaUVCAA« 

AACT<X:AGCTTCAAGGTGAa:AC(^^ 

TGGTGCCarrcaVGGGO^CAACAOCAAC^^ 

CAGACCTTCAACGGCACCG(KrCCEQCAACAA^^ 
GCACCCAGCTGClXKrEGAAGGGauXXTIGO 
CAAGATCATCaVTOQTGCftGCTGiuia^^ 
GTGCGCATCGGCCCCGGCCAGA(XTTCTAaXX^ 

CAAGTTOGAQCCCAGC!RGCQGOQGCGACCTGQAflA^ 

TGOGACACaVGCaUKTZXSTT^ 

TCACCATCACCTGCCXXrATCAAaC^^ 



GACACCX3aGftTCTTCXXX!CCOGGCGGOG6G^^ 

gpl20 (1512)«-\/-*(1513) gp41 
:C»AGC3GCGGCXnX3GTGGftG06a3aUS^^ 

3CTTCCriXXt6GX3COGCCX36CAGa^ 



TGCTQCA0CTGACCX3TGTGGGGCA!!rCAAGCAGC^^ 



M(XXK:Aa:CA<ma3AGATCT6GGACAAC^^ 

CCATCTAGOGCXrraCIGGJUXI^^ 

gpl40 (2025)«-\/ 



TCCA6ACCCIQACCCCGAACCXXX3GCGAGCam 
TACCACCXXXn^GOKXSACTT^ 

TGAAGTAGCTGGGCAGCCIXSGIGCAGTACTGGGGCCTGG^^ 

CGCCATaX:CGrrG6CCGA6GGCACCGACCX3CATCATCGAG^ 

gplSO, gp41(2547)4.-\ 
CCCOGCCGCATCOGCCAGGGCTTCGAGGCCXKXX:^^ ^1/^ 

PIG. 
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A/6 

aav_AF110975_C_BW_opt (SEQ ID NO; 66) 

> signal peptide (1-72) \/-"> 

ATGCGCGTGCXSaSGCATCCTGCGCAOCTOGCAOCAGT^^ 
gpl20/140/l60 (72) 

GCCTGGGCAACCrGT6G6TGACG67GTACX3A(X36a^ 

CAGCG»ICX5CCAA6GCCTACGA6AA0GA(3G1KK»C^ 

CCCXIAGGAGATCGAGCrraGACAAa^^ 

iU»3ACATaiTCA6CCrEGTG6Q2^^ 

CACCAACrAC3U3C»CCAACTA^ 

MCTGCACCITGMCATGAaSlCCX^^ 

TGGTGCCCXriGAAC2UK:»AaUK»^^ 




SCXXSAGGGCX^GGGUUSATCAl^ 
CTAC2UX:»TC2lTOGT6au:C^^ 
ATCCGCATCGGCX:CCGGCaVGACCnTCTA<^ 
TCA6CGC(XGCGAGT6GAACAAGGCCX}TGCAG^ 
OQASTTCCftGCCayaCAGOGGOGGOQACCT^^ 



T(»CGCTGCCCTGCXX3CATaUU3C^^ 

gpl20 (1509)<5-\ /- •>(1510)gp4a 



TGCnSCTGAGOGIGTGGGGCATCAA^^ 

GCTGCTOGKSCATCTGGGGCIQCM^^ 

IUkGACCCAG6GCX3AGATCEGG6AGAAGA 

TCTACCGCaX3CTG6AG6AGAGCCAjGUUlCaiSC^^ 

gpl40(2022)<--\/ , 

CAACCT(3T6GUl6CTC6TTCAAjCATC2l6 
ATCX36CCat3CX3CATCATCTTCX3^ 



CCGCA0CATCC6GCTG6TGCAGGK3CTTCCrGGK:CCTGGK^^ 
CAC06CCTGK»X:GACCTGATCCTGGTG2^^ 

AGCXm3CnX3GGA66CCCTGAA6TACCTC^ p | ^ 

CAGCCTGCTGGACJIGCATOGCCATOGCOGTGGCOGA^ 



3P160, gp41(2565)<--\ 
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Gag_AP110965_BW_opt (SEQ ID NO: 67) 
ATGGGa3CCC:m3CCA6CA.TCC^^ 

CGGCAAGAAGTGCTAOVTGATGAAGCACCTGGT^ 

GCGGCCTGCT6GAG2lCaiGCGACG6CTGC^ 

AGC36AGG2yQCTGIUU3AGCCTGT^^ 

GQACACCAAiSGAGQCCCTGGACaJ^ 

A(»3CCGCCGAGAAGGGCAAGG!IX3Aj(KK^^ 

aVGGCCATCAGCCCCCGCACXICTGAACGCCTGGGTGA^ 



GATCCCGATGTTa^CCGCC(nX3AGCGlflGGGCGC<^ CATGC rGAAGACCGTGG 

S I 



GGGGCCACCAGGCCGCCATGCAGA^^ 

CACCCCGTGCACGCCGGCX:CCAa^^ 

aiCCaVGCaVCCCTGCAGGAGCAGATCGCCTGGAT^ 

AGCC^TGGATCATCCTGGGCCT^ 

OUSGOCXICCAAGGAGCCXnTCrGC^^ 

CCAGQAGGTGAAGAACnXSGATGACraACA^^ 



TGCGCGC CCTG 3GCCCCG6CXKrC»6CCn!GGAGaA6ATGATG^ 
CACAAGGCCCGCGTGCnX^CCGAGGC^TGA 

CAAGGGCCCCCG ^CATCGl ^GTOCTTCAACTGCGGCAAGGAG^ 

aZCCCGGGAAOAAGGGCTGCTGGAAGTGGGGC^ 

GCCAACTTCCTGGGGJUVGATCTGGCCCAGCCAC^ 

GCCCACCGCCCCCCCCGCCGAGAGCTTCCGCTXCGAGGAGACCACCCCCGGCCAGAAG^ 
ACCGCGAGAGCCTGACCAGCGT6AA.GAGCCTGTTCGGCAACmCC^^ 



FIG. 5 
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Gag A7110967_BWJ)pt (SBQ ID NO: 68} 

CCXXKXrrGCTQGAQACaK!a3A(3QQCr^^ 

ACCGAGQAGCTGCGCAGCCTGTACAACACCGTGGCC^ 

CGACACCAAGQAGGCCCTQQAG2U^ATa3A6G^^ 

AGGAjQGCCGACGGGAAGGTGAOCCAGAACT^ 

GGCATC»GaX!COGK:A(XXn!G^^ 



CCCCATCTTCACOSCCXrrGAGC^ CATGC rGAACACCGTGGGOG 

3 3 



GCCACCAGGCCGCCATGCAGATOCTOAAG 

CCXX3TGC»G6Ca3GCCCCGTGGC(XICGGGCC^^ 

GAGCSVCCCTGCAGGAGCi^TC^ 

G^rOQATCATCCrGGGCCT^ ^TGTACAGCCCCGTaAOGATCCTQGA^^ 

GGCCCa^AGGAGCCCrrrCCGCGACrAaSTGGA^ 

GGACKSTGA^VaAACTGGATGACCGAGACCerGC^ 



GC6C CCTG SGCCCCGGGGCCACCCTGGAGGI^TGAamCCGC^^ 

r d « 



AACXSCCCGCGTGCTGGCCGAGGCgll^^ 
CAAGGGCCCCCG C CGCAACGT ^GTGCmaVACTGCGGaU^^ 
CCCCCCGCAAGAAGGGCTGCTGGAAGTGOSGCAAGGAGGGCC^^ 
GCCAACTTCCTGGGCAAGATCrrGGCCCAGC^ 
GCCCX3CCQCCCCCAC<:X3TGCCCACCQCCax:caXK:C^ 
CCAAGCAGGAGCCCAAGGACOKraAGCCCT^ 
GGCCCCCTGAGCCAGTAA 



FIG. 6 
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